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PIiEFii.CE 


Ev. r sine. oVid in'jroduciiion of Vocational Education in 
our .£»cho^l Sys'i-u by -Sev ral .S «atv;a and Unioa/remoorlrS in 
onr Counuiy, th=- paucity of appropriate ins true tx-nal 
I’^ao rialfj has b:.n f;lu as onj of th. najor Gonv.trainbs in 
iripluo., n J.W. t ion of th progroxnao and a s.-urc- of gr. at hard- 
shs-p to x>upils offspring Vocaui, nal o uUdi.a uho high r 
S^c-nd<:,ry ^ j-ag-.. • 

Th_ D paroriont of Vocationalizajion of Eduoa^i n pVS) 
of jh Nj-ji^.nal Council of Educational .^ct. arch and Trcaning 
(xlCERT), iV w \j Ihi h-’-i. sto-rted a iiod.iSt progra*-iio of 
d'iv: loping my tii’Uc t ional intorials of div-.,rs - typrs bo fill 
Up this void in all iiajor ar_ac ..f Vocational Educc'-tijii* 

Th . task is too giGantio to by coi:ipl«u d by aiy singlo agency 
but th riod-l nabyrials bring d.-V'lopod by ug uight provido 
guidance and inpo-us t.^ oh^ authors and ag-.nci.-s d.siring to 
con^ribut, in ohio a,r..a* Th-so ar^, ‘bag .d on th- na.i.naL 
3 -idolin s d.volopod by a working group of ottp^rts constituted 
by NCEIiT ■ Th ■ pr„‘j..nu llanual is on ELEl-El'ilb LF El4E0TiiIIC.ii.L 
TSCHNi-LLGY for Linji-r-n Vre viion Glajg-All • It c.-n..ains 
practical .x.rci--s n b. p:rfori:..d by th otud-nty with 
siiipl. s uops to follow, pr.cuuti ng -no b uok^^n and daoa to 
b. obs rv..d and r'cordrd iii .bs.rvo.iji-n sheet, E..ch .xrp^ri- 
ru.nt is coiiplru, with specific obj^ctiv.s, th..oratical 
infomuti-.n, b.haviourol out cone acd qu_.juijns for ovaluabion, 
etc. It is hope that th.- studyntg will find oh.xi 3iJ-icns-_ly 
useful, 

■*The pag_y that follow contain a draft of the nanual 
■Which will be finalised after obta-.ning the f- dback from th'.. 
students, t achc-rs and oth-rs concerned. The matrrials will 
th-on b published in printe-d fom. 
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atic?. return thi aai:.^ bo ua* Cxx^on^a and aiiQ’g,aui-'aa 
for ii^rovoii nb of tht; liatorial aro cordially itivio.cl, 

rii, ruu rial haa b.. n dwV^lop^d by a group of .sp.rba 
aa aubhors in aUcrkahop bold au bh^ itdvaiic.d Vx-,^i nal 
L'raining jy^j: Indujurial Trojnong InasijUu^j Farsilabad f ron 

24 FjDruary b. 2 Karch l9B4f Thair iicjioo ar„ i*,n.i.n d v^la.- 
and bh.ir conoribuoi^na ar acViircbly ackuowl dgxl. 

Thia iiaj, rial vaa odiG.d and finoliJ d by oiUuh.r group of 
-3qp^..r«a aj our Dcp‘ii*fr :: 9 to 12 Karch 1984* bur thaika 
ao\ ala: du uha xp.r- for baking pain varyfy bli^ 

oaiuh nGiciuy ^f c.nG..nua of oh: Manual, bhri--achchidananda 
uay, b cour^r in T chnclogy d.s.rv’S) spocial Uirnka for 
odijing o.a’’. bringiiv; Gh jaab^riaL in th. prof-^nb funi# Iho 
aaoi,Ganc, r, nJxr.d by bh. Suaff MjLib»_rti of ITl, Faridabad and 
Jin 3 KC’bdT for bringing out this uanunl ie ol^jj thankfully 
acknowl. dg-od. 
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of ■^duca.don 

llr.oi-110.1 Ccuncdl of Fduca.ji nod 1I-0 arch 

and fiv^iiiiii^j 

bri *i.ur^bindo Idirg, N^w j Ihi-llOOlS, 





Thr Vc/ca.ui tializaaion of high.r Si.iC nJ'ax’y etiuco. li ii in 
Ghc, lCH -3 paisi: m of 3 ch>. ho.9 b n inij_'wJ.uo -!. byi^v ral 

Sbau.L an.’. Uni-n T.rrioori-a in oho Gjunovy* fh,. iiipljOuCi- 
uaji.n ^f ihis pro_;rarii2o r.c^iv '.1. furoh r ^ac.iUrwwj^...nb by 
bli-. G,nf;r no. of S'.’uc.’.ui u Kiniao.j.’'j in 19 S 1 . W iub -ho 
piriorxoi.s laiC. down in -h., j iscuh plan a f^w I'lOi'. 
ar, e.ra. udy plannins 00 bvribch tv.r uc lOh^t-S paj-.im of 
cducajion and oc iiipl jnt-nb Vorj,.o.\ ,naliKa-a -n ao oh-^ pXus 

j -1 

v#Ws_^ -'j • 

Til.' lijplan. ntauioii rf bh prograL'JOo: for th .isjaGoa and 
Un.i..'n T_rrittri..j hay reToal Ci bho.b bh .r ii a o.i d^^ariih 
of appr..print., inabruooi^nal iint riala. Sine., oh voca-oi.-nal 
Courjj a laid a gr^ab .ziphaaia on practical trainin,- ib has 
b^ciii; n 3 C^.o'.ary no prepar.. Inanru.c-ijnal-cuj.j,-j. r-ic-io.al Manuals 
bL-fio suis d for oh;:,*: . cjUra-&« Th.. abscnc. .,f appr:priaio 
ins orucoi.n.0.1 lie.0.rial has b .11 on., of nhi iiaj.,r c nsi^rcintu 
,in Lh.. in jlcii.-nbati n of tho pro^^raiano an.’’ a c''Urc of 'r 
hardship to stud^nbs off. rin^^ Voca-ioncl JGUda^c ao ah plus 

OWO 

T o d -V ol op I lod ..Is of ins - rue « i.' nol i 'ji - _ r ial., b h>. 

Jcpo.rui.. nc ConsoibUo d 0. Working Group to fomulo-u. c’^idu- 
lin.. i for nh dov.lopiiont. of ins true ti.nol iiat rials ani bo 
pr.par.. bri f oxaL\iloS uni-s. National guid linos ■w..^ro dovo- 
lo]pod by this Workin/^ Group for pr..paro.Gion of ins-rueni nai 
nab rial* 

Th Manual on SLStCNJIo LF ElECTdlQdL TSCHNuLCGY for 
Linoiiai FoiCw'-ti-n Class-XIl has b :n develop d bas d on tho 
^uiddin'i.a rocoriacndd by^orkm^, Group. This mnual is 



rnwiTjCi^ cl bj halp bcbh taach-rG nincl {jouJ-tnuS* Each ri- 
Uirtitj If- cciipl^ua wibh spcciilic obj^cudv , in'ora?.u.ca'r^ 
infarLiacicn anci bhoOiy, oquipn no anc’ :.zaw.riGlc, 

(liaQ;rai.i, proc dur , r-cord of oba.rv- a. n, pr-cLio-jacii and 
qu r t'i'jns for *valuaoi,''a. In ord-r tio acquaint# uh i* cud-.non 
aboub ,'ach Gxnoriiiolij, jh o ach r ehould pravic . uh^ai xjilih 
rcquir-d ohooiv-uoxjxl ka^wl d"-, or Inf iriLVa'i n r l-.u.J. bo 
oxp.rpai nb. Thin will h^lp bh. sbud ntu for pr undi,r“ 
£jjo.nc 1 in{^ --f tho aqo rin.nc and onabla "ch.-n pca^for.. ‘bh-o 
exp-rill, nu pr^p rly aid ^^ff coiv^ly. 

Ill ord r jO uc b bho abipulac d. obj ccivot., i#h oxp^ri- 
u^nbti iiicludv- iihi. budy and opera ion of g^jIk .uil inatrui k-h 
lAiich a linuxon would b^ r^quir.d co xxt,^ in lii,-j prjioa,^i nal 
car. 'r, op„ro. ijn of loichin. o, vicib and eoudy of 
■bub"^ uu jloiij ji‘cw r—d GO-ji ii and Fi_-cbv-.3cy* Ig it> b-jliwV‘_-d iiiho-ij 
Gh^ ^iii op^no in tli laboro-Ow-ry o.nd oh. fit:ld ncudy will 
hcrlp Gh. £■•-ud UGo uo acquire nufficl-no confid. nci to handle 
his j'b wiuli doli^Tnc-« 

Th o-valuaGi-n 'f th. .jxp..riri^noo p..rforii^d. by th^ 
s oC-'-k n^s shall b. bo-s.d -^n oh^. spec if ic obj _c j«iiv t I he 
b^ach :-■ shall ovaluau^ dl bh. asp cbo wbich ar. r.l^vant 
t'j achi^v uh-j s.Tocific obj cbiv j. This will coiiGribu-o., 
GCivrards oh "^ 3 qj.-co d behavioural out cons". Evo.lu^. ,i.n 
is an iii^,orGatn asp.CG of p^rfomia^j eh .xrp-riii nee. 

Each _xp riLi. nu should b& ass sSwd through jvalua ion 
ban d on knowl.dgoj acquired skills and cnupi-u iici-s, 
awOiuUd. and ap‘Dibud(„ tiowards work, i_‘XperiLi.,nnj j> rfomancoy 
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EKPERIMMT/I>IIAC:PICAL NO ; 1 

TITLE OF OIHE EKPERIMMT/PRaCTIGAI 

Measurement of voltago, current, power and 

Power Pactor in a Practical A.C. Circuit. 
gPECE'IC OBJECTIVES 

1. To loam to connect voltmeter, ammeter, wattmeter 
and Power Pactor meter in a Circuit, 

2. To measure voltage, current, power and power factor 
in a single phase AC Circuit having resistive load, 

3. To measure voltage, current, power aad power factor 
in a single phase AC Circuit having inductive load. 

INTRODUCTORY UnPQRMATIOI^ AND RELATED THEORY 

If a purely resistive load (like lamp hank or 
fixed wiroxfound resistor etc.) is connoctod to single 
phase AC Supply, then the povror consumGd in the load 
is the product of voltage measured V and tho lino 
current I. The current is in phase with applied voltage 
and the poxfl'or factor is unity (one), wattmeter reading 
xfill ho same as Volt x Amporo product. 

Most olcctrical loads in practice aro inductive 
in nature i.c. a comhination of rGslata.nco and Inductance 
such as induction motor, fan, choko. In this ease tho 
lino current "P" is not in phase vrith the applied voltage 
as it was in ease of pure resistive load. 


The current lags behind tho voltage hy an angle 
f as shomi in figure 1 and 2. 




Pxg. No.2 


Cosine of a^nglo ^ is called power factor. 

The lino current''I is the vector sum of two currents. 
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1. the inductive current la/gging the voltage 
Y hy 90° 

2, the resistive current in ptiase -with the 
applied voltage 


This is shown in Fig» Koo5 tislows 



It will be observe that the wattmeter reading 
is lower than 'he product of voltago and current. 



In Direct '^hirrent Circuits 

power p = V X 

in 

alternating ^^urrent circuits 

power = VxIxOo 

where Cos ^ is tho power factor 

of the Circuit, 

E^iUIPMENT aKD m!2miAL3 


Sr .No . It or. ijuantitv 

U 

Variable ratio Auto 
transfoimor 

One 

2. 

Voltmeter 0-’J)0V AC 

One 

3. 

Single phase Tattmotor 

250V 5A 

One 

4- 

lamp bankCas £.vailablo) 

One 

5. 

Single phase A"] Motor 

1 H.P. 

One 

6. 

Power Factor mo’ior 

250V 5A 

One 

7. 

Anmotor 0-1 Amp. 

One 

8. 

Ammeter 0-5 Anp* 

One 









R 
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Pig. lTo.5 


PROOEDimE 
? ar.t ■ I 

1, Study the cormoction details of Wattraoter and 
poxTer factor noter. 

2, Doternine Vfattnoter constant, 

3. Connect the circuit as per figure 2Jo.4 

4. Put the auto transforncr at mininuni voltage position 
before start. 

5« Put the supply on and ncasuro the voltage, currant, 
poX'j'or and power factor for diff oront input voltages. 

6. Record all the readings in observation table l^o.1 

7. Bring back tho Auto transfoincr to nininun position 
and switch“Off the supply. 

lart II 

1, Comioct the circuit as per figure No.5 

2. Put tho supply on and noasurc the readings 

of VoUnotcr, iunotcr. VTattnotor and power factor 


not or 




3q Record all the readings in tfiblo No.2 

4. Repeat the reading for different voltages. 

5. Rocord tiio readings in observation table No,2. 

6. Bring back Auto-transfomcr to ninlnun position 
Switch off the Supply. 

TABULAR RECORD OR OBSISRVATICN 


table N0.1 


S.No. I Load 
6 




Rower W RenajpkB 
factor VI § 
net cr 
reading 

0 

_ i 


table no.2 


S,No» LoadI Y 

; ] CVolts) 

r V 

1 1 

II ! ¥ 

1 (,Anp) j in 
! 1 Watt s 

7 . _ 7_ . 

I Bower 

J factor 

¥ 

VI 

1 Remarks 

1 ' 

1 ( 

_ L- 

f 1 

1 t 

? 1 

! 7 . _ 





PRECiiUT IONS 

1. Chock aero error of a,ll instrunents. 

2. Take the readings of the instruri'. nts after renoving 
parallax 

3» Bring back variable ratio auto-transf ornor to ninimon 
position a,ft r taking the readings. 

I « 

QUESTIONS EBR EVALUATIOH 

1. Nanc the two coils of a watt not or. 

2. Wiat do you ncan by pure resistive load? 

3. Uhat do you r.ica,n by piirc inductive load? 

Uhat will be the value of power oonsuncxl in this 
type of load? 

4* Wiy an arxietcr is connected in series and avoltnoter 
in parallel? 

. What happens, when an anneter is cennootod in parallel? 


5 
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EXPELtmMT /PRfi.CTIOiJj Ho . 2 


TITLE OP EXPERIMENT/practical 

UsG of nogger for noasurin/; resistanc e/cvon'fcinuity. 

SPECIFIC OBJECTIVES 

1, To set tLe Moggor before use, 

2, To USG Mogger for chocking continuity 

3, To USG Moggor for chocking insulation resistance, 

4, * . To chooso the correct Moggor for testing, 
mTRQDUCTORY HjjFOBJVUTIOE AM) RELi^ED THEORY 

, All eloctrical appratus and installations have 
their live parts insulated from the eortla. or body by 
insulating naterials. In nany apparatus like transfomors 
notors etc. where noro than one winding is used they are 
not only insulated fron body, but also fron each other. 

The safety of electrico.1 apparatus and Installation depends 
nainly on the condition of insulation. The state of their 
insulation can bo found by neasurenont of Insulation 
resistance. 

Any equlpnent or installation will work if there 
is prop or ■ continuity in the current carrying cable, coll 
or a filanent, MEG-GER is the nost versatile and Reliable 
tost instrunont used for above purposes. The value of 
insulation is expressed in terns of Glectrical resistance, 
tho practical unit being the Mogohr: (l0^ ohns). The, test 
sot directly indlcatos on a scale the insulation resistance 
of the apparatus or installation imdca:* test. 

There are three types of Meggers in connon use! 

1* Ranges upto 50,000 Megohns, 2,500 volts. This 

instrunont is reconnended for testing high ttaision 
oquipnont, transfomors, nains etc, 

2. Ranges upto 2000 Mogohns, 1000 volts. This is a 
convenient Instruncait comonly used. This is 
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reoonncnded for testins power cirouits? notons etc. 
operating on voltage not exceeding 500 volts, 

3» Ranges upto 50 Mogohn, 500 volts. This is suitable 

for testing house wiring and other lighting installations. 
Snail notors etc, operating on voltages not exceeding 
250 volts. 

1000 volts and 500 volts Meggers also cones in 
twin scale, enabling for testing continuity in addition 
to the insulation resistance. The Instrunont incorporates 
a sinplo changeover switch enabling either scale to be 
used at will. Typical scales of different Megger arc 
shown in fig Cl). It nay be noticed that the scale is 
reverse as conpared to voltnetcrs, Anneters etc., i.o, 
zero on Right hand side and infinity on the left hand side. 


TYPIOAL SCALES OF HJgmATKH TESTTE 


a- 





\ 5^ \OC o 



/ 





S o 'iV V\ Gc ^ 
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PRINCIPAI. OP OPEELATIOig 



Every Moggcsc* is a conbination of a hand, 
driven D*C» gencra'tor end a dircci reading ohn—neiier• 

No oxtornal power soiircc is required io operate it. 

TRo ohui-nct or contins no control spring, being replaced 
by a control or pressure coil connected across the 
generator in series with, a fixed control circuit 
resistance. The pointer thei^fore takes up a definite 
position only when the generator handle is turned. 

The daflocting or Current coil is also across 
the generator and is in sories with tho resistance under 
test, Rig. 2 shows the details of its c cnstructi on* 

Tho instrunont neasurcs tho ratio of currents 
in the two colls, which depends only on the viluc of 
the resistrinGG under test and not on the variations in 
tho voltage genaratod due to the varying handle speeds 
because later affects both the coils in tho sane 
proportion, Tho instrunont is therefore a true ohn—noter 
provided with its own energy source and is calibrated in 
Mogohns and Kilohns, 
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When -tho MeGgor is operated with its terninala 1 and 
B open, current in doflectine'coil is zero and current 
exists enly in centrol ceil which causes the deflection 
of tho noving systen such that pointer shows infinity, 

, ' When the Mesc^or is operated with its terninals 

k ^ 

L a.nd E short circuited deflecting coil current is 
aero causing the noving systen to deflect to show zero 
on the scale. 

To guard agninst surface loaliage, instrunents 
scaled up to 500 Megohns or over ore fitted with guard 
torninals C^.) for oannoction as shown in tho figure 2. 
Iioolco.go current is thus rotumod diroctly to the 
generator without passing through tho deflecting coil 
of ohn-ncter. 

Transistorised Meggers arc hoconing popular now-a-days. 
In these Meggers, liand driven generator is replaced hy an 
Bloctronic Circuit which produces the desired tost voltage 
hy using a dry hattory, Moggor can ho put into operation 
just hy pressing a button on it instead of roto-ining tho 
handle. 

EOIJIPMGUT AND MtlTERlALS 

1. Moggor 500 Y or 1000 V (Hand operated typo) 

2. Moggor (Transistorised) 

5. Tost loads with clips 
4. Equipnont for tost: 

Such as Motor, Hoator, Transfomor 
Availahlo length of Oahlo etc. 

5. CIRCfHIT DIaG-RaM 

To chock the insulation, 
rosi’stanco hotween the 
two cores of a cahlo (if 
tho cahlo is good neggor 
t should road sovoral 
Mogohns).^ 


, j 









To c'hecli: continuity tetw-eon 
■"tho two torninala of a 
winding (ifthe continuity 
i'g £j'ocd neccer should road 
zero) ' 

J, 


To chock insulation rosisto-nco hetw-een body 
and winding connect one torr.i±nal(l) of Mosjer 
to windnnand other (E) to body, Tho noi^or 
should road sovoral Mofcohn. 



Tost ' 1 - To s^G if eloctricai 
olaivOnt has no4G accid.ontal- 
contact with body(Insulation 
Eosistance between olonont and 
body) - shouldi road several 
Me:3(phr.is. 

Test 2 - To'see if tho insulation 
of ft he floxlbl'p cord is- sotind 
(insulation'Rosisthnee betiiroon 
Conductors) »- s^cjuid’-read 
several Me^^hnst 

Test 3 “ Tolsco^the continiiity 
of the conplete'Circuit - 
rfhoulil road .Zerb, 


1« Place tho instrument on a flat surface so that the 
handle may bo turned conveniently. 

2. Without nakinc any comoctiens rotate the handle 
and obsorve tho pointer. Tho pointer will-novo over 
the scalo and stand over tho Infinity nark. 

3. Connect tost loads to Mogf^er tcrnlnals 1 w E, short 
them tog other, tU 3 ai the handle, and obsorve the 
pointer. It will move on tho scale and stand over the 
zero nark, 

ITOTE In case nf transistorised Meggers do the above 
tests by just pressing the tost button on the 
instrunont. 

This confirms that the instrument is good for use* 

. Connect tlip Megger tost loads t^ the circuit to bo 
tested as shown in figures 3 to 7, turn tho handle at 


4 
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atout 160 rpn, and -while -tunaing the handle observe 
the position of tho pointca? on the scale. This shows 
the value of insulation resistance under tost or the 
continuity as the ease nay he (in transistorised 
Meters, press the tost "button). 

5. Conduct the Moccer test as pesr the table. Uccord the 
Readinss and tho cendition of tho oquipnent. 

NO^ ~ For continuity tests there is no need to rotate 
tho noccor hcndlo at the above speed. Slow rotation 
will be B-ufficient, 

Sstc^ - In case of continuity tost, if tho test circuit 

is 0,K, Moggor will show zero cr very low rGsistanco, If 

thoro is no continuity the readin-'j will be very high or 

infinity. In case of insulation test, if the tost 
circuit is alright Megger will read infinity or in 

Megohnsj othen^iso low resistance or zero, 

3!ASUIAB RECOBD OR OBSMYAiTTGlg 


SI. 

No. 

Tost Between - 

Quid G sk ct ch 

Mcggca? 

reading 


1 

Tcrninals 

A1-A2 

11-112 

C1-C2 
of a 3-Ph 

Ind .Mot or 



' 

2 

T ominals 

a1-B1 

Bl-CI 

C1 1 

of a’ 3-Ph Ind. 
Motor 

/ o—nrvJwo-Ti G -x 

1 

1 

1 


1 

IcriTiiial 11 to "'3 
body . 

Bl to Body 

01 to Body 
of tho above 
n ot or 

"oX 

/ ’S'A 

i 

J 

■ - ^ 

1 
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9 ' On tliG above lines test end Rooord the readincs and 

results of sono nore' electrical api^llonces and 
inatallaticn, (tahe oTiidanco fron the instructor). 
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PRECAUTIONS 

1 . Mcgcor tostinc nust Tdc clone only on an 
applicance or installation which is not 
cncrrj'isocL, 

2. Do not touch the Moegor torr’inals or leads 
while rotating; tho handle. 

3. Ensure ^qqqgt leads are properly ccnncctcd 
and are in Good condition, 

4. While usinG douhlo ranGo McGG^^r use ohns 
EanGo for continuity test and nake sure to 
read the correct scale dependinG on the rdnGo 
select ion. 

QUESTIONS EOR EVADUATION 

1. Whc,t type of voltaG’o is produced in a MeGSor 
when handle is rota,tod (AC/DC) 

2. V/hat is tho source of supply for tostinGy iM. a 
transistorised MeGGor,^ 

3. . If you have to test a, 3-phase 400 Y induction 

Motor what is tho voltaGo of MoGGcr that should 
ho usod 7 

4. While conductinG tho tost between tho a.mour 

’ of a cable and one of its core, the Mgggo^? shows 

50 k.ohns. What is your conclusion about this cable ? 

5. While conductinG the continuity tost on a 
transforner windinGs Mcggo^t always shows infinity. 

What is your conclusion abcfut this tost? 

6. What .will happen if you touch tho terminals of 
the McgG'o^:' "when some one is rotatlnG its handleip 

■7a Sta,te whether tho followinG statements aro true 
or false, 

• a) Ohm Meter is usod to ne.asuro tho resistance 
b) Mcggo 3^ is usod f oh testinG insulation 



rosistiince of installations ancL 
Bloctrical applicancGs. 

c) The test volta;jo of o, MoQ^er corn only 
used is 250 volts. 

d) Electricity Rules Insists on usinc 

1000 V MegcGT for tostinc nodiun volta/jo 
installations and Motors* 

e) With 2lo loads connected to the torninals, 
it will road zero if tho handle is rotated, 

f) Spring control in the Mcs?or keoiDs the 
point or.in zero position when handle is not 
rotat ed, 

g) Ve can use tho Moggor for neasuring the 
current also. 

h) Guard ring is used to protect the Megger 
fron heavy current if thoro is any short 
circuit in a circuit under test. 

i) Mosher tost should never ho crnductod 
on a live circuit. 

3 ) Tost voltage for a tro.nsistcrisod 

Moggor is obtainal hy plug^^in ; it to tho 
supply nains* 

REFELIENQES 

1 . Electrical MoasuroDents and Measuring instrunent 

E.W. Golding 

2 . Eloctrlcal Insj^unonts and Moasurenents 

Alex end or 

5* Electrical Engineering Yol.I 

O.L.Dowos 
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EKPERIMEETT /PRAOTI CaL ; •? ( n.) 

Oonatruc-bicn and -workinG of A C onor^y net or s. 

SPECIFIC OBJECTIVES 

1 0 To loam the construct Ion o.nd working of 
an onGr£!jy not or, 

2. To connect a slnGlc-pliaso and a throe phase 
energy notor to lead, 

3, To learn about enercy netor errors and their 
r cctif icatxon, 

INTRODUCTORY IMFORm^TIOM Am PEr...TSD THEORY 

Energy ncters are of induction typo integrating 
Instrunonts and arc classifiod as (a) Single phase 
(b) Three Phase, three wire and (c) Three phase four 
wire. Those arc of current rating of 5,10,20,25,50 
and lOO anpers and of voltage rating of 230/250 
(siiglo phase) and 400/440 V (Three phase). The 
neters used on 11 KV and above are connected through 
C.T, and P,T. Induction typo single phase energy 
netor is connonly used for donestic purposes. 

Electrical energy is defined as the product of 
power End tine where power p = VI Cos 0 
In the above oq.uation V stands for voltage, I for 
current, t for tine in seconds and Cos ^ is the power 
factor. Therefore this instrunont consists of (i) 
Voltage coil or pressure coil or potential coil or shunt 
coil to neasurc voltage (ii) current coil or series coil 
to serve current in tho currant. Those coils are wound 
on soft iron pieces to fern two olootronagncts• One is 
kno't'ra as series nagnot (M1) and is eiicitod by tho lino 
current and other as shunt nagnot M2 which is excited 
by supply voltage. An aluniniun disc Ad is kept botvreon 
two nagnots which is nounted on a vertical spindle. 


I 
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A ainpliflGd line dlaGron llius-ti:^n*blng thG_ 
coris-t^'Uv-,:-:l^n I3 elio.fr in tlxe fir^ure 1a and l-b, 
Tb.G iDTakc na^^ieij ia ncclo of a C shaped piece of 
alloy stool and oi.e.'’i:a hirrkaii,': torque on tho disc 
l^roportional to tn .ipood of rotation. 









- 1 ? " 


Workir r. s -Tlio ri-us (;^2 j;rorUicccl liy nr.z-jiat M2 le 
cliiuo’ujLj ioxic'.! -fco supply voltaf^o V and lacs 

behind it Vj . Jiraot pbaec displaoeciGnt of 90*^ 
is achiovGd by cn|vior .~h£-/!iac Urunds (CSD), also kno-wn 
as powe:" facboi* c oripon sat''.t? ox* conpcnsatlnc loop. Tho 
flui: ^^5. prociuccd by sor-icc I'lafjnot M-| is directly 
prox^ortional to D.xno curr jnt J. and is in phase "with it. 

The two fluxes -o,. I and 1 o-cb on disc a ad induce e.n.fs 
to j’OBult in eddy cuT;rGiats.i The interaction between 
two fluxes and eddy nunre:j,Ls result in the production of 
a rotatin-j, torque on the disc.. This torque is 
l^rox^or bional to tho powoi cciisuaed in the load and nalcos 
tho disc rotatoo T'Jhcn the rotating; torque beconoa equal 
to brakinc torquop uhc disc rotates at constant spc<^d, 

Tho nunber of rc\ 7 -olutlv.xis nad o in ci"’’on tine 't' by tho 
disc therefore boconos proportimal bo tho ensrey consuned 
in uhe cix-cuiLt^, Durinc tine 't' this oncsecy is bcin-^ 
recorded by n~ans ol a {; 7 ear train. Nature of readincs 
obtained on a ouTCi' ri'"- 03 ’ a^o irJiown in fic»2« 


The KWTI indicated by 
l^ointers in flc.2 is 
0050*4 kifh. 


Throe Pli , a a_Q.eg • 

Throe phase eneccy : ofcors ore conbinations of two 
sinclo phasi.^ oiiorc^' oeb^cs in caie unit, Tho basic 
IDrixaciple ctaplo 3 ''cd 1 3 that of 2 wattnotcr nethod of 
points n oa suT ori O' it i: a three phase circuit. Therefore 
in this Gnorri/ noter,* bhoE’c are two pressure coils an,d 
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two cTirront coils to lo connoctod as shoTjn lu 
5'ig,3- tho supply syston is 4 "wirG, tho nouLtral 
of supply is connoctod to load circuit directly or 
throu/;;li a link provided for this purpose in tho 
instrunont. 

Errors ; Tho counon offers that occur in EboTi^y motor 
aro as follox'Ts; 

1* Load Error ; Motor nay run faster or slower than 
tho requisite speed. The speed of tho disc/iay bo 
adjusted by chan^-in/j the position of brakc-na^piets. 

2'« Groon Error ; On no load ordinarily nctor should not 
run but sonotinos the disc rotates very slowly flue 
to incorrect friction conponsatlon or over voltage 
of supply. This error is known o,s croci^ing error. 

To prevent it, a circular hole near the periphery 
is drilled in tho rotating disc. 

3o Power Error ; Mccor nay have norc tlnn pcmissiblo 

error when running at 0.5 or other power factor loads. 
To correct it current flux in conpensating ooil is 
adjusted by adding tho rosistanco in sorios mth 
circuit. 

4» L qjiJ joiid...35rr.o_r ; Moter nay have error while running 
at light load. This is corructed by adjusting tho 
position of copper shading Ponds (CSD), 

TAETILAll HE OOR P OE .OEgETX.TIOE ; 


Sr.lTo, 


N^auo of the part 


Punetion of the 
-•part _ 


' Renark 
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QTJESTIONS FOa Ey^JjTJATICM 

1. Dlstincliish 'bG'fcwGGn watt-nctor and Gnercy 
notcr • 

2* Wtia,t is the diff orcaico "betweGn stnr^lo x^haao and 
throe phase eneccy noters- 

5. What hapipons when Induction typo instrunent is 
oonnocted to D,G. supply ? 

4* Distinguish hotwoon Indicat±nr:;.and Into/pratiniilj 
net or s, GrivG Gxanples of each. 

5* What are the p'ractical units for power and cnorcy 

6, What is the relationship hotween power and enorey ? 

REFEL^-ECTCE 

1. Electrical Moasuronent - J.D, Gupta 

2. Electrical Instrunonts 

and Moasuronents - Alexander. 
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EXPER. /.(PTiJiCT ICaL NO ; 5 ( 13 ) 

TIT'UE OP E^gERIPm'T/PRLCTIQxJ. 

To cal ib vc ‘c o an cn cr ;Ty not or o 
S PECIF 10 OPJECT Ti rrib 

1* To callCTf lvg a sin^^lc phase induction typo 
cncriTy-uot 01 at various loads of unity power 
factor, 

2« To do'Gornino uho pore entage error. 

nTTROEUOTORY m^ORIUTION nJO IIEU^lTED THEORY 
In iho uoc of on oner^jy-netor, it is important 
to know whether oneETcynoter to be used is indicat ins 
correct r'-inot. If it is not recoidins true 
enersS’’ 'chon its porcontase error is determined, The 
callb"aticn of cnorsy-motor is carried out to find 
the porcontase error of the instrument. Most popular 
method of calibre tins tho onerssnneter is to compare 
it with or standard on or sy-motor . Tostins of enersY 
motor is dono at full load, h<alf full load of unity 
p.f. Go5 po 7cr facLor^ If the standard onersymetcr 
is not a-vanlablo tbon a standa-rd wattnetor alons with 
a scop '.ra'7oh my be 'asof' = Th^ circuit diasran is 
shown in VrSoic The supply is switched-on for a 
certain tine which is recorded with the hoilp of a 
stop wo-tch. Tno true on orsy is equal to tho product 
of t'lo rcrclinss of wattmotor and tho tine. The 
calculated onez’sy is concerted to kwh for the purpose of 
compariso ■ Observed cnorsy is equal to the readinss 
of tho indlcatins pointers in kwh of the enersy-notcr 
under tost, 

poroatitoGG error = ,oo 

True onersy 



21 


PQrnl5,si.blQ 5cr .Q.r.a;~ Lb per I S 722 Part PV 1966 
clauBc 'i0-6-2 'Pablo 4, Units of errors pemlssiblG 
is listed as bcloif: 


9^ load ( 

> Power factor 

1 Units of errors 

r* \ 

■ ^ ^ A In 'parcent* 

5 

I “"■-y s + 2/5 to- 3.0 

10 to 100 ( 

) unity I 

+2.0 to-2.0 

10 

I 0 0 5 (lag) ( 

"^ 2.93 to—3*0 

20 to :oo 

J 

[ 

I 0o5 (lag) 

1 

? 

+ 2.0 to- 2.0 


EQiriPiyiMg) . > u.d w.TEDikLa 


r, 

1 r. rJO Tsaf::* Heater for load 2 

2o lanp 60 fctt 250 ^?" 2 

3 o D oP, T o Ce Main Swit eh 

15A/230 V 1 

4* MI Volinetcr 0-30CY . 

( Standard class A) ‘ 

5 c Hovinr iron Amoter 

0-5 Aaio„ (etajidard class A) . 1 

5, ,n, phase 

Gnac^-noher 5 Anps* 1 

300 

To Stop ^rafceli 1 

8o Single pole s^'/ltch 

5A/250 V 4 


CIPCUIP DJAGHA'-l; 




D 



r 

1 

'Jic 



PU.1. 






PROCEDUllE 


1, Coimect onerey-ne-fcer, amotor and Yoltnotcsr, 

watt-notcr throucli the switches as shown in f ifi* 3* 

2« Enoi-giso the circu.it throafh D.P.I.C, nain 
switche 

3p Adjust the load to l/4th of the rated -value. 

4p Rocord tho I’oadinf; of annotor « -volt-noter & 
wattnet or. 

5» Count tine for 10,20 revolutions of the disc, 

6, SToto tho notcr constant rjivon on the neter 
cover (q'C’, 400 Rovs/RIHiJ 

TAI3Ul.ili IiEC0R.T10P03SELlV;.TiaW 


Ijoa({l 

1 

vXlt! I ■ 

, anp o 

t 

fine 

Calcu- 

Rocor I 

for 

'? lat ed 

d od 1 


10/20 

energy 

caaerrey' 



revs 

= 

=[CWH 


! 

of 

Wzt . 



1 

t 

1 

1 

disc 

in 

second 

^0003c360C 



1 

1 

(t) 



1/4 

\ 

1 

1 

1 

1 

? 

I 

1 



1 

1 

1 

1/2 

1 

\ 

t 

1 

I 


1 

1 

[ 

I 

r 

3/4 

1 

1 

1 

\ 

1 

( 



! 

\ 

1 

1 

! 

1 

1 

! 

f 

\ 

1 

t 


1 

1 

1 

! 

I 

\ 

} 

1 


^ error = 

Recorded 

energy 


Calculated 

energy 

x100 


Calculated onercy 


PRECi^T3TI0Ra 

1* Record tho stop watch reading carefully, 

2, Count the nunhor of revolution carefully 
while counting nunhor of rovolution-always 
start fron tho rod nark on tho disc# 

QUESglGI T FOR KMITaTIOR 

1. 13y changing the position of brake r'^gnet towards 

tho spindle, with the speed of the disc increase 














2, A 5 anpcrS) 230 voIIib ancrgy no1;er on full load 
of vinity p.f oakos 60 revolution in 6 nte. If 
nomal disc spoed is 520 rov/kwh, wliat is the 
percentage error ? 

3. A not or having a constant of 600 rev/brh nakoe 
five revolution in 20 socoAds, Calculate the 
load in Iw. 

Hint ! - 

Energy oonsunoi in 20 sec. = 

iunbar .of r&v..md.e 
Motor constant in rev/kwh 

load in Iw = - toff 

Tine 

REPIRgfOE 

P 

1. ELoctrical Technology - J.IS. Gupta 

2, Electrical Measurenent 

and Measuring Instrunonts - G''ldiag. 


3i Exporlnontal Electrical Ihgg, - B.T.A.Eapson 



24 - 


EXPERIMMT/Hli'LCTTaLL N O; 4 
TITI.F' or Ti^:^p ^.‘>TTJrF^TrJ /PractI C/.L 
Calculation of power factor in inrluctivo 
circuit appjyio{^ aoCe volt 
aP EOJJTC 0T3.JP.C' 1[VFS : 

1d Moasurenent o± iDowor factor in a rosistivo circuit, 

2«. MoaearcanGnt of power factor in an Inductive Circuit 
(i.Go T'/licn I'osistancG and inductance are both 
connocted in series), 

jimtOPdCTORf ‘ JPPOniyLdTIOl'T AllD RELATED THEORY 

^ m ^ mrnim ■ ■ ■ 1 1 ■ ^ 1 ■ "■ ^■ m • ^ m i 

An inductive circuit consists of a coil with or 
without c^j. iron 0010 havinc noGli/;ible resistance* 

f 

Practically, the pure inductance does not exist as the 
inductive coil always has sono snail resistance* 

However a coil of thick co]ppGr wire wound on a Il.aninatod 
iron core liaving snail reslstonce and high inductance 
jo v-*^oT.-.n r<-' of-chc coilo Choko is connonly used for 
fluorescent tube* 

ConsidoT^ 0.1 UcC-, citcuit censistinc of resistance 
R ohiis and indue. anof 1 Henry ccsnncctod in series as 
sho'-m in Rio-. Tho vo 1 .,oo;g diop across resistcoice 
YR = IR 

7oita{;e drop ac’-osr: jjnducbonco Yz. I Xp 


whero ll — T'lj' ku own as inductive roctanco and 
w = 2f^’ f, ITaoro "f" us tho Prcqucncy of the supply. Y is 


tho apT)l3 ext voltasT^jo bein^ equal to the voctorial 
sun of Vr and Vl ^ 

.njTSWl— 

— Vt.—^ 


.'^s/sA/vVv- 


M?. 




- \l rv - 
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The natpaitudo of -th-c applied 
volta{3c V = N/ -V- 

WTaore q,s Vp^ = IR 

so volta/j,G V = X ''J 

The q.uanti-by N ^"^-'rXv?" is Imown as 

inpodanco of fhe circuit and is denoted hy Z 
V = IZ 

The power factor of tho circuit Cos 

• • rt jCa & 

IS ij^Lven as Cos © = 


Power factor, nay ho defined as Cosine of tho 
phase ancle between tho voltace and currcaat. 
Power consuned in the a,.c, circuit is given as 

P = VI CbiS 0 

or tho Power factor of tho ci‘'’’on circuit is Cos 
Cos 0==' Yl 


Bt-jUiPMiira AKD mTmaAis 


1 , ji-uto transfomcr 1 

2, M,I. Anneter 1 

5. M.I. Voltncter 1 

4# VZattnetor Electro— 

dynanonotcr type 1 

5• Known resistance 1 

6. Choke 1 


7 • Two iray Switch 
CIRCUIT DI^lURAM 


1 

\N 



PEOCEJUKH 
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I 0 CorniGC-u a fixed rosistance ll in serins ■with 
Choke of snail rceistanco, 

2f, Connocb Vattnetor (w), Volunotor (V) and . 

imo'uor tl) in the cir-ouit as diovrn in fi/;:* ?« 

J^eep the sect Lae; of anto tre^nsfornce* at ninlnnn 
position , 

4- Close the naja gvitch ' ) and put twro iiraya 

Switch ’S' at nositTOa 'I', In this case Choke add 
resist'iice will h e in series. 

5t -deto ah ^ roadij:i.;;;s of amotor, Volt net or and TwaLtriptor 
"by chaua^ne; tho positi cn of auL'O'Lmnsfomor, 

Go fut ‘•'WO i-ay switch S at position '2’.aftor puttinc 
auto ■ ransfomoi in r ininnu position, low onl'y E 
is in the circuit* 

7c Repeat (.[5) 

0, ito'co the roadino^ V^ ¥« e; 

TARIEi.R REC'OR'O O R OBSElW^dTiai 


Indue t j / c Cir c ui t 
(Sv;itGh in 7.0,3at ion i) 

/-•rino G er'i Vol br e c cr! 1 ^a b tne t or i 


Gcr'i 

readme:' j eadin;;; 
in il'ToJ :‘n ’’■ol’bs 

(Ij ' CO) 


Pure resistive CirciiLt 
'(PhTitch in position 2) 


1 


roadiip 
m -iva'.'tc 


i 
I 
I 
i 
? 

__J 


Addc ter 'Volt- ' ¥att- 
rcadln.p! nctor Inotor 
IlI anpsl roadinG'iroadinf; 
lo ; in 

! volts 

^^2 


T in 


! watts 




Power 

factor 

¥. 


^2 


HiEOaraioirs 


CMM 


1 i^toto tho roadlDGa of Gho instrunonts after ronovinf 
paral 1 ai 

2« Jilways check tho connections heforo onerGisin/j* tho 
circui'G, 

If the needle of imttnofcor react hackwqrds then 
roTorsc th'’' p''?o 3 s\iro coil or current coil connections. 









QUESTIONS Foil EVALUATION 

mat is power factor ^ State its inportanco in 
AaC, circuits, 

2, mat is the relationship between the current and 
velta^c in U.b series circuit ? 

3, Explain what is noant by inpodance in on a.c. circuit, 

4, mat is the effect of supply frequency on N-b 
series circuit ? 

5o mat is the unit of the power factor ? 

6. Can power fhetor bo ercaator than unity ? 

7o Write down the expression g£ power for 
(i) a,c, systen Cii) d,o, systen 
REFELtEETCB 

1. Bloctrlca;^ Eaciaborin ;; Espesrinents - U ,M,A Bhatna^er 
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BKPErv.iMi3!irT /mi. oa? lo^g u o . 5 

TITLE OF EHCPMimiiM/EEiAGTIOJk^ 

To Study connections and volta^G and currant 
relationsliiij in star/dolta conbinatian of rosistances 
SPECIF IG OBJECTITES 

1, Connection of 3—eqiaal rosistancos In star 
and delta* 

2o Moasurorient of phase voltace and lino voltaco 

in star and delta circuits usinc 3-ph.aBG supply. 

3 . Moasurenent of phase current and lino current in 
star and delta circuits usin.jj 3-phaso supply. 

lEThCDUCTQLY IHFOIM^iTIOE jiEI) RELATED THEaiY 

The three phase windincs nay ho connected 

in tho followinfj two ways! 

(a) Star (y) or wye 

(h) Delta (^) or Mosh 

Each windinfi has two tornlnals, one star tine 

and another finishing" shoi-m In fi^.l, tho 

starting; torninals arc narhal 1,2,3 and f ini shin r; 

f t 1 

torninals are narked 1, 2,3 



Pic, 1 Three coils showing start 
and finish points 

These windings nay ho ccoinoctod in star as 
represented in fi;:; 2(a) and 2(h) or in delta as 
represented in fi£j 3(a) and 3 (h), 




Th-G cormon point in star conn octIon, at ■wb.ich 
Githca? fho starting or tho flnislilng onds oro joined 
togetlier, is called neutral or star point. The 
•voltaijo 'bot-woGn any lino and neutral point i,o,, voltage 
across tho x^^^3,so winding is toown as tho phase voltage 
while tho voltage hotwoen any two linos is known as the 



and xihas e voltages and currents in 
star cosnnection 


In star conn oct ion the relation between line 
and phase values of voltages and currents is given 
by E!L = vH' Bp 

Where Ejj and IL are the line voltage and line 
current Ep and Ip are the phase voltage and pihaso 
curr ont resxo eotivoly » 
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(b) Dalta Qomootion 

T/’/hon the starting end of cno coil is cornieotod 
to finishing end of another coil as shown in fig.3y 
tho delta connection Is obtained. The relation 
between line and phase values of voltage and current 
arc gLvon by 

El = % j II = nT^ Ip 



Lino and Phase voltages and currcaits 
in dolta connections. 


Power In 3 phaso circuit both fer star and dolta 
is given by: 

(i) in terns of lino values P = 'TB Ljj IL Oos ^ 
(il)ln terns of phaso values P = 5 ^ ^ 

EOIJIPMMT AMD MELlLi-LS 

1. Sinilar rosistancos of equal ra.ting 5 ^os. 

2, Annotor M,I typo 2 Nos. 

3 * Voltncter M,I, type 2 Nos. 

4, Variable ratio Auto transfomor 
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5 I’hase Auto trc.nsfomca? 



5'lir:.6 Moasuroncaat of Lino and phase voltacos 

and Currents in star connected resistances,. 




Fi/y. 7 Circuit dio.22?n,n-nGasuronent of line 
and phase voltarjcs and currents in 
delta connected resistances, 

EL^OCEDTIRS 

1. Connect the throe resistances in star. 

2. Make the ccnnoctions as showln in fie. 6 

3» Adjust the o,uto transforncr to zero position, 
close the switch S.j 

4. Increase the voltaf^o c^^adually, kcopin^i' a 
wc.tch on annoter so that the current docs 
not exceed the rated "value of the resistances, 

5« Record several sets of roadin;2s of voltnoters 
and anneters. 
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6* Adjust the auto-tre-nsforoer hack to zero 
position. Open the switch ^ 

7,, doimoct the resistances in delta, 

0, Make the connections as shown in f ij, 7 
9, Repeat stops t5)'to (6). 

xlEGORD OF OBSERVATIONS 




TQ,hlG 1 

Star Connections 

S.R, 

^ !^p i 

f_ # 

h i VTpi 

Rennrks 

I 

1 

1 i 

r j 

! 1 

r 1 

1 1 

t 1 

! 1 

r 1 

I 

i 

1 1 

I 

1 

! 1 

1 1 

1 1 

» 1 

1 1 

f 1 

t 1 

1 1 

? 1 

1 1 

r 1 

7 \ 

!’ 1 

1 1 

r i 

7 1 

7 

» 1 

1 

f 

1 

1 

1 

1 

r 

f 

i 

1 

7 

a 

I 

1 

r 


\ . 

Table II 

Delta connection 

S.N. 



%j / onark s 


PREGAUTIOCTS 

1. Always adjust the o.uto-transfomer-at zero 
position heforo clOBams the switch. 

2, While adjusting the auto-transfomor keep a 
close watch on the annotor, indicating the 
phase cuiTont so that the current flowinr;; 
throu^jh the resistancGS does not exceed their 
rated value. 
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QUESTIONS FOR OT 

1# Wliat is ilic diff €33peaic© between^' pToasov- star ‘ 
and delta connections ? 

2, Tiirh.at is neant by the neutral point ? 

3« If throe given resistances arc carmootod once 
in star and then in delta. The combination 
in each case is connected across 200 V. In -which 
case the current flowing through individual 
resistances mil bo more ? Also justify your 
ansvTor. 

p 

- - - 

1 • Electrical Technology - H, Cotton 
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EXPMIIMMT /Kl^iCTIOAL ; 6 
a?ITLE Qg EXPEilIIMT/PR.P.CTTnAT. 

Construcation of a Snail transfomesr 
3PECIFIG OBJECTIVES 

To cons'bmct a snail transfomer for 
250/10-12-6 Volts. 

lETRODUCTORY lEPOBMATIOM' AED RE3LATED THEORY 

Transfomer Is a static dovico which transfoms A, C 
volta/;G fron ono valuo to the other at the sane 
frequency. It consists of two coil windings on a core 
nado of nagnotic natorial, A.C, Voltage is applial to 
one of the coils which is called prinary. The other 
coil fron which outlet is taken is known as secendary, 

A transfomer is roprosonted diagran-atically in 



Pig. 1 


Diagranatic representation of transfomer 

The rola,tion ‘between prinary and secondary voltages 
(V^^ ' currents (l^, ^2^^ Nun’ber of turns 

respectively is given ‘bji 


V 

V 


The ration 


1 

N, 


^2 


Ha 


2 is known as transfornation ratio K, 

If the socondary voltage (Vg) is nore tlnn the prinary 
voltage (V^)j then it is known as a step—s--- i 

transfomer, Secondary voltage is less than prlrfiary 


voltage then it is called a step down transfermer. 


two-) 



^ 3 '^ 


(a) pore s 

As a.c. is applied , pxi the'prinory wiiiclins 
therefore, the flux flo-winr^ throu -jh the core is 
altematin/^j• To reduce the eddy' current loss', the 
core is nado of laninations. Thicloioss hf laninations 
or stanpincs varies fron 0.55 rr-'. to 0.55 nri. The 

laninations arc insulated fron each other "by a thin 

' ' 

coat/insulating varnish, For {^ood nagnetic 
characteristics, cold rolled silicon stool is used. 
Silicon content nay ho of tho order of 5 to 4/^, 

There are two types of transforners fron 
construction point of vienr. 

PORE TYPE : In this type the iron core surrounds 
the windings as shown in fig. 2'(a) coEBd SCh). 

SHELL TYRE ; In this typo the iron core surrounds 
tho'Windings as shown in fig,; 3(a} and • 

Various typos of laninaticns and stampings aro 
shown in fig, 4,5 6. In'fig. 4(a) and 4(h), two 

L shaped laninations are shown Indicating their node 
of placenent in tho alternate layers. They are placed 
together to give rectangular fornation of core. The 
conplete loninated core consists of rectangular 
laninations placed alternately one over the other 
as shown in fig 4(c), si that the joints are 
staggered. The joints aro staggered to avoid 
continuous air gap which incroasos the nagnetlslng 
current. Further, If the joints ore not staggered 
tho core will have less nechanioal strength and d'uring 
operation therh would he an unduo hunnlng noise 
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The core could also bo assenblcd out of 
U d; I typos of laninations as ^own in f 5 ( 0 ,) and 
5 (b). Tho L and U-I laninations arc ccnorally used 
for core type transfomor. Fornaklnc shell type 
tronsfernor [generally the conblnation of U,T 
laninations is used as shown in fi:j'. 6 (a) and 6 (b). 
VfINlIH'G- ;- In case of snail transf orners, coils aro 
usually wound with round wire in the form of a bobbin, 
in tho sane way as cotton thread is xiround on a spool. 

For snail tronsfornors of low volta^^e such as 
230 Y, Q,bout 5 to G turns per volt nay be taken for 
prinary xfindin/-; dopendlnf^ on the size of the transfomer. 
Socondojry No, of turns can be obtained by the relationship 



b 


2 


Tho prinary c\n?rcnt can be calculated with 

the holp of volt-anpere ratin-'’; of the tionsfomer, 

Prinory ourroit I, = rat i n/T 

1 

Secondary current Ig eon be calculated fron the 
relation 



area of tho Gross section of tho winding; conductor 
depends upon the current. Nomally tho size of tho 
prinary a.nd secondary conductors will be difformt. To 
soloct tho cross sectional sizo cf tho winiding 
conductor tables of tho nanufacturers nay be 
consulted, Noimlly the current density of 3 anp, 
per sq.m, nay bo assuned for deternining the size of tho 
conducter. 
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EQUIPMMa? mu KLATIfilj^LS 
1 . StanpinQsA'O.ninations 
2. Malinex insulatiiir:; shoe-b 
3* Thin insulaijin^:;: pap car, 

4» I’las'fciG or hacklitG f onnor 

5. Snail holts and. nuts for clanpin;.: tho stanpincs. 

6. Super GnonollecT copper •windin;^: wire, 

7- Cotton tape and onioiro tapo. 

CUCUIT DliiG-RME 

Diacrans showinc details of tho core are givcai 
in fiG,4?5 and 6. Fig,2(a) a,nd 2(h) show the 
constructional details of core typo transforncr and 
fis«3(u), and 3 (h) give the details of shell typo 
tronsf orner B 
EROnEDURE 

1* Scloct tho size of tho core and the typo of 
stonpingSB 

2b Soloct suitable size of tho. conduct or for 
windings as ci^plainod above. 

3o Solcct/nako a f orner of suitable size. 

4. Wrap the forner with nalinox insulation shoot, 

5« Wind tho lorinary wlndinr'" on tho f orner profcsrrably 
with tho help of winding nachino, 

6. jiftcr Gvory 2 or 3 layers of prinary winding use a 
layer of thin insulating paper. 

7* After conpletlng tho primary winding, wrap with 
nollnox shoot. 

0. vrind tho socondary turns. 

9. Erin 3 out taxis at suitable number of turns for 
6 , 12 , 18 volts. 

10. Wrap with enplro tope or cotton taioe for Insulation 
and nochanical protection. 
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11, For a core type transfornor tw^o such, wiudinfi's, 
each consistinc of half the total no. of turns, 

are nacle on two fomers. Doth the le^s of 
transforner will thus tracve half the nunber of turns 
of each windinSa 

12, Assetahlo the core withwindlnc as sho'^m In flc,2 "a 5, 
13* Clanp/holt the coro. 

T^^DUIiiiil UECOrOD OF OBSMlV^TICTr 

TAHLE - 1 COaE 

■ ■ -- --— - ^ ■ .7 -- _ - _ . 

Types of stanpln^s i Total ISTo, of ' Dlnonsj-onR of Gore _ 

used. I stanpin/js } Cross- t Holcht Dreadth 

I !section i i 

_!_ I (nn^) f (pin) (nrr) 


TiiDlE 2 


Windinjj 


VoltaccC Volts) 

*D os icn od j Actuol 
voJ-uo ' noa sur- 
I ed 


ITo, of 
turns 




Ourr cait 
(Anp) 


Vs 


Size 

w^o 

(rm) 


of 


Prino-ry 


Secondary 


PRECAUTICa>fS 

"Whilo winding, the onancl wire should not cone In 
contact with sharp netallic edeos* 

QUESTlOIJS FOE EYilLUATIQKTS 

1. What is the function of a transforner ? 

2. What is noant by stop—up and stop—do-wn transfomor ? 
3» What is tho function of the Coro in a transfomor ? 
4« What naterial is used for the construction of the 
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-transfornor coro ? 

5o Wh-at is the dlff orenoG botwcon a shell typo 
and core typo transformors ? 


REFiaEEICBS 

Blootrical Techaolof^y by H,Gotten 








EXP.BRBMT/PRACTICAL STo . 7 
TITLE OP EAPPRIilEbiT/PRACTICAI . 


Measurement of losses and calculation of 
eff ic 1 ency of tranpf 03 m ers ^ 

SPECIFIC 01 j EOT IVE S 

I 0 To measure iron and copper losses 

2* To calculato the efficiency of a transformer 
at various loads and power factors. 

BriRO EUCTORY jTvjEQBM^TJOR aJ!TD RELATED THEOOT t 

EPPICIEMCY 

The various losses in a transformer are; 

1 o Gore losses 

(a) Hysteresis loss 
(h) Eddy carrent loss 
2. Copper losses» 

The iron losses of a transformer depend upon 
the Xx'ecjLaency of the flux and (ii) its maximum value. 
Thus if the- given 'jrionsf ormer is operated at rated 
voltage and rated xj^oquency, the iron losses remain 
constant. These losses are theroforo classified as 
constant 1 esses.- 

The coppei' josscs a .'•e dependent upon the load 
curronu and ere properbional to the sq.uare of the load 
curr cat, 

. Sow 2 £_Qli±EJii losses 
Efficiency = Power input "■ Power output 

._ V I Oog _ _ 

~ ’ V 1 Cos + core loss + copper loss 

Por measuring tho core loss and copper loss, 
open circuit and short circuit tests are respectively 
conducted. 



BXPERIMEIjITAL DEfTjiILS 
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(a) Op on Circuit Teei; ?- The secondary wdndin/j is kept 
open and rated A.C, voltage is applied to the primary. 
The transformer draws siaall current of the order of 5 ^ 
of the full load valuo* As the current is very snail, 
the copper losses which are proportional to square of 
tho currant hocono nogligiblo. Hence the powder drawn 
hy tho transformer is only due to core loss es( also 
called iron losses). 

The suitable range of the annoter used may bo of 
tho order of 155^ of rated current of tho transform or, 
Tho pressure coil of the wattnotcar should be rated for 
about 255 ^ more voltage than the rated value and current 
coil rated for about 155^ of rated current. 

The tost is performed at rated value of tho 
primary voltage, which nay not always bo available 
directly from tho supply. For adjustment of the 
voltage, primary of the transformer i s f cd throu^ a 
variable auto—transformer which is kno\'jn by comorcial 
names such as variac, Dimnerstat- etc, 

—Circuit Tostg — Tho short circuit tost gives 
copper losses. The secondary terminals ore short 
circuited by a thick wire. Starting from aero value, 
voltage is gradually applied on the primary winding. 
Tho voltage is odJusted till tho ratod current flows 
through the primary winding. This voltage is us-ually 
of the order of 6 to 10% of the rated value. As 
the voltage required for this test Is very small^ as 
compared to rated value, tho,flux is also very low. 
Therefore, tho iron losses become neligible and the 
power consumed by tho transformer in short circuit 
test is due to copper losses. 



So 


i -'2 - 


IliG 811x130,1310 ronge of 1:110 annertGi* nay be of 
the order of 155^ of the rated full load current. The 
current coll of tho wattnetor noy be of the above ro-n''^© 
and its pressure coil nay be rated for about 20?^ of the 
rated volto.gG of tho transfomesr. 

EOUIPMMT IWD MTER LiLS 


1. 

Variable auto-transfor.ncr 

1 Nn. 

2. 

Annoter M.I,type 

2 Wos. 

5- 

Voltmeter M.I typo 

2 Wos» 

4c 

Wattnetor Dynanonetcr type 

2 Wos* 



Pig-1 ( Connection for o.c. test) 



Pig*2 (Connection for S.C.test) 
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PROCjEDIiaB 
(a) OrC. 

l) Con.iGC'c as s’noxra in fig. 1 , . 

ii) Sot -tho ou’bpui vol-fcago of tho aufo-transf oriicr 
at £3oro. Close the switch . 

iii) Gradually and slovlj incroaBo the volt ago applied 
to the prinary. Adjust the voltage oqual to the 
ra'uod value, 

iv) Record the vrattnotcr, voltmeter and annetcr 
readingSe 

v) 4djust arto—transf C'rner back to zero volt a go, 
open owlbeh 

(h) 


l) Connect as shown in fig, 2 
ii) Strictly set the outimt voltage of the 

auto—bransformor at zero. Close fcho switch Sp, 

i: ‘ ) Gradua!]il.y nnd sl^ A'ly incroase the volbage 

applied. Keep a wabch on the amnotor. Adjust 
the a,ppliod voltage gucji that tho input current 
is very nearly equa2 to the primary rated current. 
Record tho aQmGtGi.i voltmeter and wa-ttmotei reading! 

iv) R-opeab sttp 31 for t'n.l’ues of applied voltage such 
"uhaj the input CLT.’ciih are adjusted for various 
values hotwoon 80^ -go 123 ?S, 
v) Adjust auto tr^-^ueformor hack to zero voltage. 

Open switch 

^ABJhAR RECOID ERYf TIQIT 

^Q,) Q,Ca TfiPlt 


S.ITo.l 


Valtnotcr 

reading 


Ammot er 
reading I 


I Watt mot or 
freading W^ 



(b) 3.0. Toat 


S,Ho.j 

Yoltnetcr 

Annet er 

j Wattmeter 


reading 

^2 

i r oad in g 

reoflln™ 

s_ 2 Q 



< 

1 ! 

r j 


Caloulationa 

Iron loss = Wi 

full load coppor loss = W 2 

lei: current at ^^iven load = I 
rated current at full load = I 

Efficiency at the given 
load 

_ V I Qos 

V I Cos + W~+ W5 I I 

PRE0AUTICM3 

1* Always adjust the auto transfomer to zero 
position hoforo switching on the si:g?ply. 

2* Increase tho applied volta ~e slowly and gradually- 

QUESTICNA FCR EVALUi^TIOCT 

1. Hane the different losses in a transfomer* 

2. How do tho various losses vary with load ? 

3« Why tho efficiency of a tra,nsfomer is nuch higher 
than tho other electrical nachincs ? 

3* Why do we neglect tho copper losses in o.c* test ? 

4- Why do we neglect iron losses in S,C, tost ? 

A lo-horatory course in electrical nachinss — 

D*a, Kohli and S.K. Jain 

W 

How Chand ^ brothers. Civil Lines, Roorkeo(U*P) 




m.l?m IMEgTT /EIUGTIOAL U0 . 8 
TITLE OF THE lXP]3?.n/[EITg/ERAOTICiO^ 

To clianfjG "tliG oil of a "fcrnjrisf omcsr. 

SPECmC ODJLOT IVES 

1, To unlorst‘juid tho noocl of oil In a transforner, 

2o To Ido alDlc fo undei'’staid the roason s for chanGlnc 
bh .0 oil in a o^anoioin or. 

3o To Toe ablo to clio-Ego the oil of a tro-nsfornor 

ICTT5.QDXJ0TQRY IE?ORiyti.TICIiT AND arlUTED THEORY 

Cl) Tho -oilAs usod in. a transfornor to cool tho 

transfomor core and X'j'indings (2) strcaigthen 

insulation. Iictxfoon tho tx'To windings and hetwoon turns 

of tho winding« 

The core and two x^indings of the transformer 
aro placed in a tank filled x/ith oil. ' The oil used 
in tho tronisforner is ninoral oil free of the moisture 
content. If the moisture contents increase beyond a 
certain limit, the insulation properties (break doxm 
stronf.th) of tlio oil docroases appreciably. This ■' 
contamina.t od oil is pnrifiod by heating and passing it 
through fiD-ters and ccnti’ofugor. It is essential to 
inspect oil of a. tronsforuor pcriodico,lly but at least 
once in a. yoa:-’ throu Ji-^ut the life ‘f the transfoimcr 
More frequent inspection nay bo nocossary in some 
circumstanc os - 

Sampler of ojl chould bo taken from the sampling 
valve, xrhich is provided at the bottom of transfomor tank. 
Tho sample should bo collected in a pro]pcsrly cloancd 
(with gasoline) gJa.ss tube with ti^t stopper. The 
sample taken should be at least 500 gms. Tho sample 
should be dra.xfn xrhilo tho transformer is still hot 
fhon rocont iding and oil is in circulation. 
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The sample should ho visually inspoctod, if 
the sanplG is not cloarj, then it indicates i)rcsGnco 
of voisture^i -iUiy sludge pnosent in the sample should 
ho notedo If xho sar.ple is of dark colour them eithesr 
it is highLy c jntaninat'Sd trith hituninous compound or 
it has STJiff oreci. ezeessivo Dsidation. If the sample 
gives strong acid snoll then tho prcscnco of acids is 
indicatod which can corrode tho transformer tank 
particularly if the oil also contains moisture. 

Tost in/? of. D.iole_c triG Stron/rbh 

The container of tho testing equipment should he 
properly rinoed V/ith a portion of oil to ho tested. The 
oil TJo he tested is filled in the oentrLin or. Throe 
ninutos should he allowed that air huhlos etc, can 
OBcauc, High voltage is applied and it is incroased 
@ 3 I£V per second, Tho value of hroakdown voltage 
should ho Tif^tod, The tost should ho repeated flvo tines 
each filling and then bho container of tho testing 
equipnont should ho onptlod, Frosh sample of tho oil is 
again filled in bhe contain or end tost repeated. The 
tost is to ho done for three fillings and the average 
of those 15 readings of b’oakdoiTn voltage is usually 
tal'icn as d Loloctrlc sbrrngth of the oil. If tho 
oquip)nont uses 2.54 cn. diameter square edged—electrodes 
spaced 0.254 on apart then tho condition of sample 
of the oil can ho dot or mined hy the following table ' 


Avora.ge 

HV apiDlied 

Condition of oil 

30 or above 

Cfooci 

26 to 29 

U sahlo 

und or 26 

Foor 
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If tliG oil found is not ,-:ood, then it sihould 
lo filtorrd to l-gdovo inpuritieo and noisturc* Tiao 
oil is renovod fron ono tank and disdiarf^cd into anoth.on» 
The oil with-drawi fnen tho bc*:v£on of tho tonk is hoatod 
in oil hoatcr. ivator contont in the oil is absorbed by 
the absorber and it is filtered in tke filter. The 
filtered oil is dlschargod to the tank witb. the help of 
liftin/;; pnnpo before the transforncr is filled with 
oily all accessories such as valves, gauges, thexenonotors, 
jDlugs nust bo fitted to the transforner and node oil 
tight. The whole cycle of operation has been 
illustrated in fig (l). 

EQirrPMEtTT aKD MATERMS 
1Oil filled transforncr 
2. Metallic or ssmthoulc rubb or lose. 

5® Oil heater 
4p Moisture Absorber 
5o Piltcr 

So Glass tube fitted with tight stopper. 

7« 1 if t ing punp. 

8, Dielectric testing oqripncnt 
O ntOUIT DI. .GT7..M 
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PRQCED'DB.E 

Take tlie sanplo of oUL fkoni 'th.-e-^iTajasf arraer 
la a clase-luloo fitted wltii tl^kt stopper. Rinse 
the dicloctric tosHnr; nquipncrrt -container -witli th.o 
oil (typical flc. of Dleloctric Testinc Equipment is 
slio\m in fis- (2). Pill the oil in tlio container. 
Increase the potential difforonco 'between the two 
oloctrocLs ^fpraduolly till a spark over/flash, over takes 
plaeo. Repeat a th.o ohovo +ricit five tines and then throw¬ 
away this oil and refill the ' 1 fc-ir I'+'f-i^jtr “OJL \xL&>w 

Dioloctric Testing Equipment with the sample oil and 
note down five readings of break down voltage. In this 
way obtain 15 rGadin, 3 s of break down voltage for three 
fillings. 

If the average break down voltage is less than 
26 KV then the oil is passed throu/^ oil heater, 
moisture absorber and a filter. Eilterod oil is 
discharged to the tank with the help of lifting pump. 
TADIJLiiR RECORD OP ORSELiViLT ION 



(iv) 

Average breakdown voltage -•=^S'ir'N 



^PRECAUTIONS 


1. Use glass iriibo fitted with air tight stopper. 

2, In testing of Dieloctric strcnr''’th of oil 
in or ease the applied^.v-oltaLge-,grn.tiMn.l'ly « 

pUESTIONS FOa E7iiIiCTAi!lPlCiN 

1. Dofino UiGloctric strength of oil ? 

2. Trfhat happens when oil contains noistnre ? 

3. What do you nean by broakdovm voltage of ail 

4. Why do wo use ninoral oil jin.the-^trajxsf^asEa^ 

5. ^/hat is the poriodicity of inspection of 
transfornor oil ? 
























T^YP-RRIMMT/PRaOIIOaL UO ; 9 
TITLE or SKPlPn-rnTT/HlACTICAIj ; 

To study the us e of instrunLeut -dyransf oyner 
ffPBQIFIC ODTEOT iypS 

1 , To get faniiiar with the use of Inattmirient 
transf orners. 

2 » To understand the basic difference between 

instrunent transforners and other transforners 

3 , To connect Instrunent transforners 

CTTRODUCTOBvIKFOhMATIOIT REL/iTED THEORY ; 

Instilment transforners are used for (a) neasuring 

large values of currents and voltages with the help of 

standard switch board annetors and voltmeters of low 

ranges and (b) feeding supply to the proje^ive relays. 

By nse of instrunent transforners (i) isolation and 

protection of operator is provided (ii) indicating 

instrunonts can bo located at sono distance fron the 

circuit. 

Dasica.lly instruments transforners are of 
two typos; 

(i) Carrent transformers (. J.T. ) 

(ii) Potcntiai transforners (P.T) 

Instrument current transforners are used in 
alternating current installations for supplying the 
scries (current) circuits of the ifidioating instrunents, 
motors and protective relays. These transformers are 
designed to provide a stcandard secondary current 
output of 1 to 5 Anp* when rated current flows through 
the prinaryo 
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ins’bruucnt potcn-tial transfomors saro used 
in aitcvno.cuiTcnt insta.llation.s for supplying 
the potciitial cnjccui'bs of thG Indicating Instninonts, 
notcjLG and protootivo relays. Tb-oso transfornors are 
dGsirjrirjcT to prcviclo a standard scccndary voltage of 
110 \rolts vnen rated prinaj-y voltage is applied to the 
pr inary „ 

(ii) As insbrimout transformers aro used nainly for 
noasurenent pui-posor, tliGir ratio^of transfornation le 
accurate cind T)i±aBo angle error niniuun* Other 
transfornorLi ai.’o used nadnly for chan-^ng the voltage 
level and as such aro noo as accurate as instrunent 
tran of orn or. 

(iii) 'The prinagt of the currcait transfomer is coimccv 
in series uith tho load "where secondary "vrindlng conned 
aro tah-cu to the control roon for purpose of netering : 
protection^ TrEcrumont potential transfomer prinesry 

is connoefcod ao-'-’oes side and sccciridary winding 

connec'CLonh taken to jho control roon for purpose 

of i\.: . 

hQUjlMTOTa A:nj Tii.fE RI.d'j g 
1 o Instrunicat curx’ont tro.nsfomer 
2, Instrimcnb potential transfomer 
3» AoG„ Anneters - 2 
4® A.C. Voltnebers - 2 

5, Ihores'' '•i":tor 

6, Connecting wires 

It, Variable load (laup load or resistive load) 

8» 


Aiit o transf om or . 
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OIRCiril! DTJi&MM 



1o Make tlic3 connection of tlio circuit as showi 
in the circuit diagran. 

2. Adjust tlie auto transfomor setting such that 
reading of volimeter V-| corresponds to the rated 
voltege of the primry of P.T, 

3e Adjust tho load nagnitude such thaT reading of 
aDUG'Cer corresponds to the rating of prinary 
side C.fo 

4« Hecord the readings of annotor and Volt neter V2. 

5 . Change the IJoad nagnitude to obtain different 

readings of onnotor A-j 3; tho corresponding readings 
of ^ 2 ^ 

v'- Change supply voltage to obtain different readings 

of vo3.t--nGtor the corresponding readings of V 2 * 

7. Calculate rates of cb & V^ & for each 
obsorvabions 

RB co r-tp op ODSEhVnTI PET 
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PREQAUT 101^3 

1. Dcforo switchiJis on tho supply cnsuro that auto 
transfomor sottinG is at tho nininun. 

2, Secondary of C.T, should never renain open* 

L | IIB3TIQIS m ETi-JiUJJIOH 

1, \'Jhy secondary of'C*T, should never be open 
circuited when its prinary is carrying currant, 

2, How,would you identify the temiuals of prinary 
cind secondary of a of a ? 

5, tihoro are the C,Is and connected in a circuiti 

4. \ftiat aro tho uses of C,Is and P.Ts ’ 

REgmaioES 

1, ELootricT,! noasurenents and ncasuring Instruncnts 

- E,H. ftoldinc. 

2. Electrical and Electronic IlcatfarenGnts and 
Instrunontation - luE. Sawhney. 
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TiT/CPEliIMENT /PiiA CT ICaJj NO ■ 10 
Tm.F n-^ •gpTP'P'PTMMG]/'PRACTICAL 
Study of rectifier circuits. 
sphoh'io os js GiPTVEg 

1o T’o s'uudy half wave rectifier circuit, 

2. To study full wave rectifier circuit. 

3, To study the functioi/of filter in full 
^m^ve rectifier, 

EJTRODUGTORY HjTPORMA.TIOM' & 'RTTriATfTn TTniiORY 

Many appliances require D.G, supply for their 
operation e.g. electronic devices, electroplating, 
electric traction etc. Since the majority of supply 
systems are A,C it is necessary to change or rectify 
AC to DC, This is achieved hy using rectifiers, 

A roctifior offers a very low resistance to the 
passage of cji electric currant through it in one 
dzro^ len as forward diroction and a very high 

resistanco to the passage of currant in the opposite 
diroction Irmni as rovorae direction. These dovices 
onahlo lo do chongod to DO and this process is 

knomi as rectification, 

(1) SiiilL i5 _R^jCT:r]?IGATION 

This is the simplest typo of rectifior circuit. 

It allows only each alternate half-wave of AO to 
pass (Fig, 1(a)) 

Uj JyjTLL lAVD RDCTH^'TGaTION 

This is ohtainod by using either two or four 
rcQtifior xanitSo If two rectifier units aro used, the 
supply la talion from a centre tapped transformer where 
■the o.m.f, output of oaoh half winding is equal to 
■the o.m.f. roquirod across the load. Each of tho 
pupplios the current in turn during 
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al'toimato half oyolos (Flgel(b)). ikii al-bornato 
mG+h:?'^ aV-II-I i;avc rocuifior is to use a bridge 
circuit o ibis roouiros 4 rcctifor •gziits but doss-mot 
re^T-ii3'o o or.t j. c iajp cd t raiisf onaer n 
( iii ) OhX, ?i^lL QbT.i- GS 

Tlio r'orirard \roltago rrid the current flowing in 
a roctifior o3 cnicnt consists of a series of pulses, the 
wave form of tho forward pulse being similar to the Inpa 
wave form over ono half cycle- For a sinusoidal inptd: 
tho outpu'c voltage a,nd current wave form will therefore 
bo a series of sinusoidal half waves in tho same diroct 
Fig-l(d) d Hi.a) . 

Tho average value of the output voltage for a full 
wave rectifier cpoiating from a sinusoidal input is 
calculated from! 

Average value of outp''it voltage = maximxm value of outp 

voltage x 0,637 

For half wn.vro x'^octif ication, since every alternxfcc 

pulse is I'.lESjnjj. the avoro-go output voltage over a 

full cycl i £' ocf-ovLlo.'c cd f:"om average value of output 

voltage = lii>\ f entruT t voltagro ..x 0,637 

2 

( iv) PiMOO’t'i rdKr 

Tho puJ-sa-liiig vTCl'^' o forT*! obtained directly fron 
tho root If i u: -s not suitable for practical applicc-ticn 
and requires smocthing. The snrothing circuit comprise 
a conbinn.t-' on of ro-istanco, capa-citors ^ inductors. 
This combination is call oc a filter. Those have been 
ixidicat od at Fig, 2(a) d:( b) , 

B0JJIPM 31NT ni?p.M/i-TFRS 
r Motal roexifier i amp«12v(riax) 6 ^’’’os, 

2, Au,to tranrjfomcr - Inpx b 230 V,AC 

— output C0-'230iiii^V»^0 5A, 

Singlo phase 50 HZ, 



V 


■=5. Steio doTOtransfornor; Siasl-o phase AC; 230/12V. 

lA 50 HZ 

4 , i)Volino'cer - AC-0300 V - 1 No. 

ii)Voltaetor - AC-0-15/5 O.V - 1 No, 
iii)Volt!!io-toi- - DC 0-15) V - 1 No, , ' ' 

5, General pvLrposc ep c ill os cop o-d cubic bgaa/singlo 

bean (as available) - 

6 , Filter comprising 2 cp.pacitors 8 MF each and one 
induct or ef 5 H inductance as required. 

7 , Connecting u,^acks Plugs etc. as required, 

8 , Connecting wires (as required) 

9, Soldering iron, solders D4 hand tools as required, 

CIRC UI l' DTg.:r^iM 

' ' “ i^ 

The circuit dio.graas are shown in fig. 3 d; 4 , 

PROCIUDimB 

A. ‘T'lLF Wave EEOTIFIEEl 

1'a Make connections as liiiown in Pig. 3 

2 e Forpi'-’g tho auto transfornor at the nininun 
position switch-on the main supply, 

3, Adjust hhc voltage such that tho voltage V^ at tho 
secondary is at the rated value of rectifier, 

4 , Connect the Osoxlloscox^e probes to terminal 
( 1 ) X ( 2 ) in tho cincuit, 

5, iidjust tho Oscilloscope sensitivity to obtain 
tho host stable traco of transformer output, 

6, Make a sketch of the, voltage wave form as 
indicated at tho oscilloscope. 

7, Note the rSadings of Voltmeters V, V^, Vg. 

0, Remove the Oscilloscipe probes from torninals 
( 1 ) di ( 2 ) and connect to terminals ( 3 ) ^ (4) 
end repoOwt stops 5 d: 6 above, 

• Repeat the stops 3 to 7 with lower values of tho 
rated voltage in stops upto 207- of tho rated voltage 
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10. Si-yitch—off tho supply» 


B. FUXL ¥aVE HEOTIglBa (Withm^-h filtfi-r) 

1 . Make connections as ^loxjn in Fi^. 4 (a) 

2 . Repeat a?-l tlie steps as ^lown for HALF WaVE 
RECTH’IEil earlier. 

C. FULL REGa:iFIEli (UITH FILTISR) 

1 * Make connoctiens as st.o^jn in Fir;, 4(13) 

2. RcpGa,t all the steps a.s sho^m for I-LxLP WiiVE 
ilLCT XFI Ell earli or • 

TaDULxAI record of OB3ERVirJI05!T 

XX. H/qF WxiVE AEOTIFIIIR. 


S.fl VOLTI'CBTni E 
No' 




QBSHRVED YxxLUFS QGxlLCULATID 
xiT OSCIL LOSCOPE gYALUE OF 

B.O^VltsOUTPUT E.C 


Rener 




) VOLTMETER RDOSj 

. _ ___ _L 

[OBSERVED VxqUES 1 

, atoscilloscope i 

CxqCULxTED 
VALUE OF out] 


[izra@aii 

ixO VoltODC Volt 

L__ _/_S 

PUT B-C. 1 




NO'^ E Conparo the volta :c values (DC) 'irith o,nd withou 
usins filter as als"' the values chsorved at 
OSCILLOSCOPE and calcvaatcd as per formula. 














PREOJEMS 


1 , Make connections at tho torninals neatly and 
ti^^htly# 

2 , Do not csceeod ratod voltaf^^c and current at the 
instrunonts ond apparatus# 

3 , Observe proper polarity while connecting instrunonts* 

4 , Redifiers should bo connected properly with 
correct polarity* 

QUESTIOIJS POR EVitlUATIOI 

1 * Discuss the use of D,c. supply* 

2. What is the effect of fOCT 7 ard ond rovers bias 
on tho porfomance of the rcctif or* 

3 * Bx-plain the advantages of full-wave rectification 
over half-wave rectification, 

4 # Briefly explain the function of a ’filter* 
in tho rSetifier circuit. 

llEFEi^MCE 

1* Electrical principles for installation and 
Craft students - Birchall and Stott* 

2 * Electronics for Electricians - Morris 

3i Basic Electronics - GROB 



(a) HALF WAVE RECTIFIER 
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(b) FULL WAVE RECTIFIER 

(CENTRE TAP SECY) 




Fig 10'1 



(f) INPUT A,C, 
FROM 
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1, Title - . 

■PT T^r.Tii OP EXPERI&EMiT/PBAGTiaM A 

Starting of a three phase induction motor with the help 


of a Direct on Line (D.o.L.) Starter, 

spegieig objectives t 

1. To study a D.o.L Starter. 

2. To run the motor by using D.O.L. starter. 

• - ' - ~ ^ - 

INTRODUOTCay IKEOamTlOlsf MD - REIATED THEORY ; 

A Direct on Line (D.O.L*) starter is a device which 
connects the eleetr-ic motp'r to supply and provide'^ protection 
against over current. D. 0*L. starter is suitable for induction 

V 

motors of 5 to 10 H.jP. rating. Beyond 10 H.P. , motor starters 
incorporate an arrangement of limiting the starting current 
also and therefore they donot put the motor directly on lines 


(D.O.L.) 


Eig 

starter. 


( 1 ) 


( 2 ) 

(5) 


(1) shows the"internal connection of the D.O.L. 

It has the following parts! 

Three straight strips which join the motor directly 

t 

to the supply. When "ON” push button is pressed, 
these strips make contact with the lower strips. 

See (1), (2) and (3) strip in Eig (l) 

Eourth strip works as interlock switch, i.e. when 
"ON" push button is released after pressing, 
current passes throu^ this fourth strip. 

Overload protection niechanism consists of thick- 
wires, from which if mpre than normal current flows 
then they become hot and bimetallic strip placed 
inside bends and opens the overload■switch, which 
further opens the no volt coil circuit and thus 
stops the motor. 


B kUIPMENT AND MATERTA.T,3 i' 

■» 1 ~ 

1» Direct on line 'starter 

2. 5 H.P. Induction motor 

3. Tachometer. 




1. Open the cover of D.O.L. starter arid trace the 
connections. 

2. Draw the connection scheme of D.O.L. starter under! 

3. Aeplace the cover and connect the starter to induct! 
motor. 

4. Press the "ON" push button, allow the motor to run. 

5. Measure the speed of the motor with the help of a 
techno motor. 
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Switch off the motor hy pressing "OPP" push button 
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TABULiiR flEOOfiJ) OP OBSERVATION t 


g, Ifame of the*^ 
ITo. Components 


Specifloations 


3fo 


PRECAUTIONS^ 

(i) Donot opon the coyer of the starter, before 
ensuring that main supply switch is off. 

(ii) Donot switch on the supply till the cover of 
the starter has been replaced. 

wUESTIONS EQA EVAIUATIOI ; 

U What is the need of a starter? 

2. Write the various functions of the starter. 

3. How overload protection function in D.o.L. starter. 
RBPEHENCE ! 

1. Available manual of the starter 

2. Electric motor winding and repair 

by M.L.Anwani 
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EXP ERIiyCENT/Pilt^OTIOAL 12 

TITLE F ElPEElIMBN!E/PjaACTT.OAI,s 

Md.s.uQ']. Gcax^dslbai sljsxiiLa^ ^ libjp-e ^ phfti:i &.i-fw y\TO ve'V 
oat^e- ixj-auo lixur_ aoiox^o 
SpO TFT 0 OBtFj CTT YE8 a 

1, To W-derntotid ]'ri-iici-nie of operation of star^» 

2o To u^idci-’fitand the faiotioning of a Qenual star- 
d'^l"' a s L'aj'.-taT ^ 

r 

3e jvvC-x .0 3c" a s La-""delta starter and run. th.e 

j-io L „ 

i To c-.\r e Lo locatt a fault in the circuit ary .or 
Liii-' -o':",''n^'o-i.s of t>ie starter, 

j^^0DygTa?.Y i^-up elelated thbory s 

no-na] t^reo phase induction motor draws 6 to 8 times 
-■'to .’’Ij i.OF/' c'lrreirb on switching directly to the mains. The 
i.igh s''*■'1 1 1 ati v^urreriu is associated with two very important 

disad'.an 

1 o volta o-T fi actuations in the line 

2. c.nance 3 of damage to the motor and instruments. 

ihfc ocpp.l r au nhernties have therefore put a restriction ' 
..nac alL 3 -i,-? on motors wb:h ratings more.than 10 hp 

...Lv.jt L{j Coil- LOi.,’j'-. b‘» i’educe the starting current. One of 
one mosL novo^’a" method for this purpose is star-delta 
i.ar“u3ng^ E..,t ^an be used only in case of a squirrel 

c<-ge induction motor which is designed for normal delta 
-unning and has a].l the six terminals of the three winding.. • 
tj-’ou^.t cut at a.-cs teruir.al flats as shown in Hg, 1 

■^i.e starter uas a no-volt release which releases the 
liaud.s tc xly back to the 'OEE* position under the following 

conti’ngesci 335 
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1 . Supply failure 

2. Over-loading 

3. Pressing of stop button. 

At the time of switching on the three windings arel 
connected in star as shown in Pig. 2 and the voltage 
across each winding is only times the supply voltag 

See i’ig. No.l, Pig. Uo.2 and Pig. Wo- 3 in the 
attached sheet. 

On picking up the speed by the motor, its conneoti 
are charged to delta by a swit ch( star-delta switch) to 
it available full voltage- 


E QUIPMENT AND MATERIALS : 

1. One 3”Pbase sq.uirrel cage induction motor, 

2. One manual star-delta starter, 

3. One multimeter. 

4. One ampere meter of rating at least double thej 
full load line current of the motor. 

5- Necessary tools, connecting leads etc, 

6. One voltmeter 0-500 V. 

7. One teohnometer, 

GliAOUIT DIA&EAM ; 

See Pig No, 4 in the attached sheet, 

P AOGEDUHE ; 

1. Open the lid of the starter and study its circs 

2. Identify the six terminals of the three wincto 
XT, WZ. 

3. Make the connection of the starter, instrunen^ 
etc, as showin in Pig, No.4 

4. Start the motor by throwing the switch to 
position and allow the motor pick up spao^* 
Record the instrument readings. 

Change over the starter to delta position 
take the same readings again. 
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T^i.riTTLkR ifflOOED Qg OBSERVmOJSfSs 


iiT m LOiiD 


S.No. 

Position 

Supply 

Voltage 

Voltage 

across 

winding 

line Current 

current the 

Winding 

1, 

Y 




2. 

A 





PHEOiiUTIOiiTS i 

1, j3efore stjayting nake ensure that the teralnals of the 
starter have been connected properly to the not or, 
UBEglim m EVALIJ^^IION ; 

1. What is the function of the no-volt release? 

2, What is the advnnta^je of star delta starter over direct 
starting? 

5, There is a 15 h.p. 400 V 50 H 3 phase s^uarrel cage 
induction notor. How nuch starting current approxinately 
will it draw when started with the help of a star- delta 
starter, 

4» Is it possible to use star-delta j tarter for a notor 
having nornal operation in star? 

5. Why is a star-delta starter not nornally used to start 


a Ilip ring notor? 
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tixPERIMBNT / EiiLOIllOAJj UP; 13 


TIT IiE Ol* EXPEBlJflSIiTI i 

Study of different types of protective switoh gear* 
gp-wnmO OBJEGTIVES i 

(a) To learn the functions and parts of a switch gear. 

(h) To understand the function and the various types 
of circuit breakers. 

(c) To name s-nd understand the function and the various 
types of Relays. 

TWTR QDUQTOB.Y IH!gORMfe,TIOi!T AMD BEItkTS D THEORY i 

The switch gear is needed in a power system; 

1. To permit electric system to be conveniently 
put into and taken out of service* 

2. To enable the electric system to be isolated 
rapidly and safely in case of fault* 

For low voltage applications» the above two functions 
oan be performed by simple switches, isolators and fuses. 
Switoh is generally a hand operated, knife blade type device 
which can make or break a circuit on load, where as Isolators 
are hand operated devices which can make or break the circuit 
on no load. Fuse is essentially a small piece of metal or 
wire inserted in a circuit to interrupt the circuit when 
current more than a predetermined value flows through it. 

Ordinary switches and fuses are suitable only for low 
power circuits, because they are neither fagt operating nor 
capable of extinguishing the arc while making and breaking 

eiriult* over come these difficulties a switching 
eq^uipcent circuit breakers is used to make break 

circuit automatically. 



— "Sg 


Circuit Brealre'rg 




rircuib brcaJcer lo a mcclianical s'wl'jch Wiilch is 
of mailing, carrying and break.Lng circrenta under normal 
circuit conux'-ploiis and aiao under specified abnomal cn^ 
tions such as those of. short circuits- They break tii0 
circuit autozifitic all f 'jr-'''' r-v-vicl.13' spring or grati-v7 
action^ They cail npho the ''Linuit manually or by autoaE.^ 
means. As soon as i xrcui’" l is tripped, the load 

current is mterrupicd. and tn arc Is dratTn between the 
contacts. Ir order b,: oriciT guieh the arc as quickly Fig 
possible, the arc is sur.i'oux ded bj oil, air or gas. j.'-in 
ingly bhe circui!-’: brualers Has’” be ola.csified as follovr-| 

(a) P'll k oil circuit orenkers—in which the oil r:c'V 
as a gas generaoxng medium and also as the i i 
tor „ 

(b) Lov'T OOP •-‘ontf'^^- ^xvni.ii+ ^ tt’hSc'i 

oil only ser\‘es as the gas ge,-^iT. b/v-g rnediuiJ, 
while soD.id dielectric pa'^ts isola,te the two 


contacts. 

(c) G-as bjuis'r- cJ rcui-t break> jJ?e — m which the a*- 

extcp.GXon meaia : c. a otueam of gas,, viz., 
sulphcr hors, ilui'ide ' ) 

(d) Air blast clrcux" breake :.o (aBCB) — in which' 
stream of compre,' ,sea f-ii* is employed for arc 
ertlnction.. 

Prot ective i*,e j_i.yr s 

itelays are the ne ices bV.£,t defect abnormal confli'S- 
in elet ' - b.v constantly measuring the 

electrical quantibies ( volta.ge, current, freqnsni 
etc.) which az*o different under normal and fault 

conditionsa 


Accorclng to conp.tru otion and principle of 
ope-»’ptTO’^ rrlays can be classified ass 
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1, ElectroDagaetlc relayss - These relays are operated 
hy P.C. or A.O. quantities. Moving iron, attracted 
ajrnature, balanced bean etc. fall under this category 

2. Thernal relayss- These relays are operated by 
Jiiarcs;!]!. effect. 

5, Physico electric re^-ays J- Buohholz*s relay is 
an exanple of physico-electrie relay. 

4, Stable relays;- These relays employ transistors 
etc. for their operation. 

5, Induction relays;- These relays use the principle 
of induction motor/anergyneter, 

6, Blectrodynaitic rela,ys;- These relays use the 
principle of D.O. machine. 

Protective relay detects the fault and operates to 
complete the trip circuit which in turn opens of the circuit 
which :i.n turn opens of the circuit brealrers. The operation 
has been illustrated in Pig. 1 which shows one phase opera-cion 
only for siaplicity. 

The aims of properly designed switch gear are; 

(a) ileliabllitj’-; - The switch gear should be completely 
reliablt! to inprene the reliability of the electric 
system as a- whole. 

(b) DiscD-imi-iiationj- The switch gear should be able to 
discriminate perfectly between healthy and faulty 
sections of the electric system. In the event of 
fault, the switch gear should isolate only the 
faulty section. 

(c) uuick Operationst- The switch gear should operate 
quickly so that no damage is caused to electrical 
nachincs and equipments, by short circuit currents:, 

The sx*ritch gear should be very sensitive, 
simple, robust and easy to maintain. Various types 
of switch gear are; 
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(i) neljalL clad swilich. gean? 

(ii.) nelial enclosed swlijch. geai*, 
(ill) truck or draw out type. 



I'ig. 1 

E.QuiPiy[BNa; and m k ibrials s 

Circuit breaker, Relay, Seni enclosed rewireable fuse, 
wire gauge. 

PjLO GBDUKB ; 

Circuit Breaker s 

(a) (i) JJane the type of circuit breaker, 

(ii) Ranie the various parts of the circuit braalser 

(b) REIi/lY 

(i) Bane the type of relay. 

(ii) Bade the principle of operations of rel&y* 
FUSE 

(i) Bane the naterial of the fuse. 




(ii) Find out the gavge no. of the fuse with the help 
of standard wire gauge. 

(iii) State the relation between gauge no. and current 
carrying capacity of fuse, 

(iy) ITame the various types of connonly used fuses. 
PREOaUTIOISS 
Nil 

^SIIONS 3?0R E7AI;U.aOJION i 

1, Nane the nost conaonly Used type of switch gear in 
H.T. Systen* 

2, State the advantages of circuit breaker.'over oanual si-ritcl 

3, Nane the type of oil used in oil circuit breaker, 

4, What is the range of pressure of conpressed air in Air 
Circuit Breaker? 

5, Upto which level of voltage, a switch is suitable for 
Qaking and breaking the circuit, 

6, State the functions of a relay. 
aEFBMOES i 

1. Generations, transnission and utilization of 
electrical power by ii,!, Starr, 

2, A course in electric power by M. Soni, Gupta and 


Bhatnagar, 


I 
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■l , TTTLTj! OP 'SXS'ES.imE'S/SS^GHlGAIj t 

S-tudy of th-e conatruc1rlx>rr--gjad-Hiyn^ ^ n-F i - 

bafferie s« 

_, SPBOIglO OBJBGTIVES ; 

1, To Identify the different parts of the lead acid 
battery, 

2, To study the working of the battery. 

5. To prepare an electrolyte for the battery. 

INTRODUCTURY rEgOBMkTIOi^ -falTD RE Ia TBD THEORY 

I. Introduction s Lead acid battery is also known as 
storage battery, ii storage battery is a cheniical 
device reversible in its action, which stores energy 
at onsitime for use at another. The energy stored 
is chemical, not electrical. Electrical energy in 
the form of direct current electricity is applied to 
the battery during the operation termed * charging^ 
(explained in the next experiment) . The electric 
current produces chemical changes in the battery and 
the chemical energy stored in the plates is reconverted 
to electrical energy when the cell is discharging. 

There are two general types of Btorage"'batterlesS- 

1. The lead-acid type, 

2, The nickel-iron type, 

Por the purpose of this experiment, only the lead 

acid type will be considered. 

II. Oonstruotion of Lead Aoid Battery ? The following are 
the important component parts of the lead acid 
battery; - 

1. Positive plates,. 

2. Negative plates. 

3. Active liquid 

4. Separators 
Container 


5 . 
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Ji. bx'iei description about eacJa of the aoove jg 
given below:- 

1 . Positive -Plpite 

There ^.re two gsnera]. uypes of plates of plaaVji 
type, one type of Pla-r ,‘gc plate is- a casting of pvixe ' 
lead consisting of nunie’!i ous thin vei’tical laninationj' 
strengthened iay a '■ - of horizontal corss ribs, 

(Pig.! (a) ) The effect :>£ the lamination is to 
increase tlio superficial area of the plate by aa nudi 
as 12 tlneo as that of £. plain lead plate of sinilpj 
width a-jd length. Aluo jL the whole of this develo^ic 
area is a^'ai] able for conversion to active natcriBi. 
(lead pero:,ciae P ’ / e ,k=.'^ i occhealcal action. 

ji. second Type of Plante plate which is still vlo 
used is the roc'ette plate. This Is ah antimonial-lt::; 
CiSting perforated wi' h numerous hol'.js in which 
plugged rolls of previously crinpled lead tape or 
■h'ose b uLfs ’, LUiliig tid-s foroation, the surface of t‘_ 
lead tape of rosettes Is converted to active naieru, 
( se e PI g, , (b) ; „ 


2. KegaG.ve f ’ ate Two types of negative plates are 
available - a box nera-live with a heavy plante ple.tc 
and a pasted ucgf'voivo (Pb) with the lighter high 
perfornPiice Plante plaieo 

The box negative consists of n pa.ir of antiuonh 
lead alloj/ gr-’inds; 'each with an outer surface covc’’^^ 
with a-thin sheet of perforated lead. Ja.fter app^^^*- 
the plaste, the two girds are riveted together 
(Pigo 3 (c) )= 

3 -. ■^■ajii.ve_JC »j_;'"' iri g The active liq.uid is dilute .'1-.- 
ric acid 30^) of specific graviTj of about Ul* 

In fully chEa'’gcd condition, the sp. gravity rises I'- 
1.23 and Its e.n.f abo^.t 2.2 vol.tso 




In fuller _■Si'a-p-itr'falli.' to 

1,13 ard the e.a.f fallin/i- to about 1.8 Volts.. 

The table 1 jndicatos the co»d.ition of cTlfferent 


of chargo.- 

TABLE 1 SPrOWI^y Cr TPIE Bb'EGir CO f-h~ l AVTT Y 01* EIEOTHOL/T 'ii 
6.T EXMlgEFT. I.'IiVI.r,s GH /JjG-E 


i 


s^Bcmc 

GPulTICTIBS 


OH^iR-GB 

Pron 

To 


' 

1.260 

1.230 

10 ijS charge. 


1.230 

U 250 

‘ 70 fi charge. 


1,200 

1.220 

50^ charge. 


1.170 


15 % charge. 


0 

-> 

o 

1.160 

cr^ little 

useful capacu C\' 

1.110 

1.136 

1 

E-us charged. 


4 . Se, 

1 

^ r_s £ Separator 

to j^i^e used to 

-■'Lisnipte xhe l.' ■> 


plates (poeiti'T'e end icgabive) i^l'on one arothei*5 

The separator’'-^ aa;>^ con&l'i"’ of wood voneens^ d'^o- 
. croporons pla,ztio. ^G.ic,e a on gla; s tubes, 

Grlass tui-'.-'o of 111 Cj. :ncL.-G j'-’i’gtb and dianeten to 
suit the vanio.;,s oull 'j”.-r.'t. on'o pi>.Bhed dovm between the 
plates so aa to ■*-cr.t o^. ';hc bobtoa of the cell box. They 
are held in a 'veitical p jsitj on bj^ location in guides in 
the top of ‘Ghe pDatea. 

l 7 ood sepavato 's are nade of thin sheets threaded 
through two or more slit'ued wooden rods or dovrels 
suppe t tbo veneers In tie correot position between ‘'o 
plates. Wood separatorvS ire now largely being i-eple- .'L 
by sheets.of nicroporous plastiu threaded through st bed 
rods of pol^ob^x'bue0 

5 . ^iHitayjers Plato groups are anseoblea m -cranspa3-eu; 
plastic, boxes scaled vuth /.i/l ( for portable batte: ' •, 

or in glajs <'ontainers or open lined wooden boxes 


30 


onp 1>ea.Lf^oT'I ‘july\ OT Ea,, 1. 1 f. s., ^ , 

ooTTbai'^’.er f=4 o.’^ou.'^ lOCC 

Cells of lsr£*er capacity are assea’blec’. iii j.ecia line^ woe-■a 
GonlialrLerso 

Whan p7t.acl'lo "boi- Ja i''Gcd. vhe plate e^roups are 
"by the plals lugo roa!r-i.T"g i:;:! o->oa:! di^rri uoulded on a ‘box- :£• 
Isac. lined T-ocdc'^- i o::c&^ the -.iDin/j ' a carried over l;ba ■io,’' 
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edges of 
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a veut via-, ^ 


Lll „ Cl .’5 y-Ll' ‘•^ -ildi ^ 

-'I'l r'.l:''ca,iy ncu i -fci: ; ad ’■c 3 Inuld 1& dllnbe &nlph'‘'-r-- 

add (L „ cO.d -'^'1- pocitlT'C p’J.ate is lead peroxide (P^Oo' 
‘f' 

End the r'e/';ai'. e plavO '/oongy lead (pb)<. 

3]:'a?‘jn'; d-lccharge/ bbe arrive naterlal at both. tJic 9- 
is partially -jourer'.nd t,o Icu'-" 30^) ard the 

ijccol^d nore 'hUute or :iov7C-- -n ito specific grEwl-tyo 
Puniag'cLrrg'e, a reverse action takes piaoe-. 
oulpbafcL froa both t}j .3 pi pi ■' ? s eor.vorte'^ irt'^ ...ead ncr^ 

I \m 

on the poo-Ltivo aid spongy i.ead on Ine negative plaui-^ 
Bpecrlo.o t^_avii-«< -le’^ ttiLes to I.*'s omginal vp-Ip’©- 


f 
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mup be st a te/l_ in-ehoirb , 

ICLSCHAaSB 


Bt, 0, + Pb + 2 Hg 30^ - — > 2 Pb 

! ll) 


0 


•RLjlllgl^IBN'P AUD Mi^TEHJ A I^ s 

t. Used batteries (lead-acn.d type) 3 Nos, without 
licluid. (at least one in working condition). 


2, Ulass Jars 


j 5 litres capacity 
\ 1 litre capacity 


active 


3 . Hydrometer 

4. Sulphuric acid 

(deasity 1.835) 

5. Distilled water 

6. Glass rods 

7. Haad gloves 

8. Spanners, Hand tools etc .. (as required). 

9. Glass or wooden tray .« 80 cm x 40 cm — 2 Nos. 

OOHHBGTIOH DiAGBAM t 

(The students should make out sketches of all the 
import£ant part of the given battery). 

PROOE^DBEi 

4. Identification of Parts of lead Acid Battery ; 

1. Strip open the battery and take out the parts, 
(only the battery' with no active liquid should be 

selected) 

2. Study and note the constructional features of the 

followings 

i) Positive plates, 

ii) negative plate, 

iii) Separators, 

iv) Terminals. 

v) Pixing arrangements of separators a-nd plates. 
Vi) Container, 


1 Ho. 

1 litre 

5 litres 

2 Mo. 

4 Nos or 2 sets. 
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B. Preparation of Electrolyte for Ifead-Aold . 

Battery ; (To be used in new battery or for repair 
work). 

1* Take 3 litres of distilled water in a glass jar 
and one litte sulphuric acid in another, 

2o Add acid slowly in water and stir continuously 
with a glass rod. 

3, Take spooific gravity readings (with hydrometer) 
and make final adjustment of the sp. gravity to 
the desired valde after the electrolyte has cooleij 
to room temperature, 

TA BULAR 0? QBSEAYaTIOB^S > 

fai-fter stuaying "che constructional details of battery, 
answer the following! 

1o VJhat is the material used for positive plate... 

2, ’ - do “ - do - negative plate... 

3. - do -- - do ” separator ... 

4« Hovi maij-y nujiaej.ve places are available....... 

5. How many positive plates are available. 

6. Vfhat is the raatcrial for the container. 

7. (i) yhat is the area of each plate,... 

(ii) do - - do - all the positive plates 

(iii) "do - - do " nege-tive plates. 

S. V/h^t are the name plato details of the battery.... 

9. V/ha.t is the material used for terminal post.... 
PR EOaUTION Ss 

1) Always hejif^le the battery and its parts with hand 
gloves in position as the acid is corrosive. 

2) Always pour the acid into the water and not water into 
the e.cid. 

3) Heat is prouucod'when the acid is mixed with water. 
Allow to cool before the hydrometer reading is taken. 






- 83 “ 

4 ) Ip mix or si!ore-el«cirolytenae--onl^^ or lead 
lined containers as this is highly corrosive, 
f i iniai'Tnifa ?0R EVAliUalM i 

1, Explain the difference in the construction of positive 
jui negative plates of lead-acid battery. 

2 , Ehat is the composition of the electrodes (plates) and 
electrolyte of a fully charged lead-acid cell? 

3 , at what output voltage is a lead acid oeU completely 
discharged? 

4, How is the specific gravity of the electrolyte related 
to the charge of a lead acid cell? 

5, Ehat is the specific gravity of: 

(a) a fully charged lead-acid cell, 

(b) a fully discharged cell. 
affiffilfOES i 

1, Storage Batteries - 5. Smith. 

2. Electricity Yol.6 - Harry Mile’Af, 
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^■vniiiftTTVIRM'T / gJiAOTIOAXi Noj 15 
qiTfpT.u n-p -RXPERIMBJ^g? / PIUGTIGAa t 
Charging of Batteries. 
pPijinTT? !0 03JB OTIVE 5 5 

1, To differentiate between, the differen-t me-th.ods of 
charging. 

2, To prepare a battery for charging. 

3, To connect a Battery on constant-potential 
Method charge. 

4, To connect a Battery on constant-current method charge. 

5, To test Battery after charging. 

HaTBOBUGTOEY IlSTgOfi-MaTION jilTD BEIiaTED THBQRY i 

Lead acid Batte’-ies store the electrical energy by 
chemical action. They get discharged due to the constant 
use. The voltage per cell falls below 2 Volts and the 
specific gravity of electrolyte decreases to 1.125 when 
fully discharged. Charging of storage batteries is hence 
very much essential to keep them fit for use. ^ On charging 
the voltage per cell will increase to 2.2 V on open circuit 
and 2 V on load. Specific gravity of electrolyte increases 
to 1,280. 

Only di rect curren t is suitable for charging the batteries, 
supply may be obtained from any source such as M.G. Set 
or a Rectifier. Care should be taken to see that the positive 
of the supply is connected to positive terminal of the battery 
and negative of the supply to the negative terminal of the 
Battery while t^onnecting it for charging. 

Q^rgin g time 5 current and voltage > 

Where time is an important factor in recharging as*in 
Qsny industries using battery operated electric trucks 
vehicles «tc., then high charge current is required 
to replace the energy taken out of the battery. Charging 
at high rate for. short period is called boost change. 

•^oost charge should generally be avoided as-this reduced 



-.86« 


the life of the battery„ 2a-30~percent of the battery capacity 
can be restored In an hour with boost charge, 

(b) Charging Curren t; 

This must normally comply with recommendation of the 
battery manufacturer. Generally not more than 1/LO 
of ampere hour capacity for lO hr, charge or Slow charge 
for 20 hrs, at 1/20 of ampsro hour capacity is recoraniended 
depending on the time available for charging, 

(c) Charging Voltago t 

Generally for normal charging 2,5 to 2,65 volts per cell 
is used. For trickle charge this voltage should be betwecc f 
2e2 and 2,3 per cell, 

(d) Charging Methods ; | 

There are two methods by which a battei^ can be charged? ; 
i. Constant Current Charging ; ' 

Axi^ avails hie 'D^C, Vol^ago caii used for this method, 
Battery is connected to the BaC, uains through loading 
resistance. When number of batt;eriQS are to be charg's-' 
they are connected iri series with a Eesistance to 
mains. Same capacits'’ batteries should be grouped 
together. When dlffere^it capac.ity batteries are to 
be charged current shou—J not exceed the value required 
for the sr-iallest capacity ba'cicrs ^ In order to 
maintain constant current throughout the charging 
period, the resistance of the circuit is adjusted 
fr9q.uentl3r during the period. Arrangement for consfe 
tant current charg-ing Is shown in figs, 1 & 2 

Charging Current can be calculated as follows•- 
V ~Vb 

I charge = V Supply Voltage 

H + r 

Vb - Voltage across the 
battew term.nal 

mm *>• 

R « Leading resistahbQ in ohms 
r - Internal resistance of the ba' 
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r - InteTrraJ_Be3l^i;ar»ae-jLrf"' tbe TjaLUri cy>- 

nnnptant Voltage Gharaing; 

A battery Charger or a D.C. -source of dQ-finite 
voltage is required for this method. Batteries 
of the sane voltage are connected in parallel 
across the source. Capacity need not be the sane. 
Charging current gets adjusted by itself according 
to the condition of charge left. Charging voltage 
generally set to 2.5 to 2.65 v per cell. Charging 
current—tap-ers--oJ£f-~to._jrery low val-ae as the battery 

gains charge. Once the b€>ji±nrv^ ±a nut o n charge no_ 

further adjustment of voltage or current is necessary. 
Arrangement for constant voltage charging is shown 
in fi^. 3 . 

Most modem charging equipment make use of a.c. 
supply with rectifier to obtain requistic d.c. 

This results in safe and flexible control of battery 
charging either automatically or with the n1.nimun 
manual attention, 
iLi. Trickle Charge : ' 

Trickle charge is usually applied to any low-rate 
charge in amperes equal to 0,05 to 0,1 percent of 
the battery capacity i.e. 0,5 to 0.1 par Ah capacity. 
This trickle charge current is sufficient to balance 
the internal losses of the battery, and therefore 
keeps the battery in a fully charged condition. It 
is Used for maintaining batteries in charged ooncTition 
during fairly lenthy storage periods. 

Bloat Ghargingi 

Batteries which are used as source of standby power 
in case of emergency a.i*e permanently connected across 
the system or lead. The battery is floated across 

the system in parallel with a rectifier charger which 



is voltage the peroisgilj^l 

Halts of the system. I 

Under true float conditions the battery neither dig-1 
charges nor charges. In order to keep it healthy ' 
and fully charged, a trickle charge is allowed. Unja 
these conditions the battery is operating on float/ 
trickle charge, and the nunber of cells in the batterj 
is selected so that the applied systen voltage is 
equivalent to about 2.15 - 2.20 V per cell, 

Floating battery systems are widely used for 
power stations, energenoy lij^ting and telephone 
exchange installations. 

hQUIPMEUIE AND MkaRlAlS i 

1. D.G. source of any available voltage. 

2. Battery charger for 67/12V battery. 

3. Connecting leads with battery clips. 

4. Distilled water, 

5. Petroleum jelly. 

6. Hydrometer. 

7. Cell tester, 

8. High rate discharge tester, 

9. Variable resistance or lamps with 
holder and switch, 

10. Battery to be charged* 
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I nonrifiotion of one Battery; 
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?acx3:BDi3aEt 

1« Glean thd battery and 'lts terroinLal pcc^s:. 

2. Hemove the vent plug and check the electrolyte level. 

3', Top up with distilled water (The level should be as 
marked on the battery oa* 1 to 1o5 cm above the top 
of the plate )^ 

4. Measure the voltage vf eeoh oell or the whole batterj 
and check the specific gravity of electrolyte in eac 
cell. 

Oonneet the battery to the supply through lamps or 
resistence and ammeter as shown in the figure * 1 ^ 

(keep all the switches off). 

Mote s for cur:::ecu polarity of connection +ve 

of battery to '1-ve of supply and -ve to -ve. Avoid 
loo se oon ne ntion a r- 

6, Adjust the resistance to highest value or keep all l^nip 


switches in* off popltior. . G'-rit ch on the main s^iitch. 

7o Adjust-th? cliaj:v-ci.ng curr:;ic as per req.uire'^ent (e.g» 

A. hr capaciity ) by s,d juc c.'.ng th3 resistance or switohing 
10 or 20 

on the required No. of lenpp- 
8, Eeep a watch on the char'^^ing cuj?ront and adjust it to 
constant VcilUe bhroughou:; rhe chargiiig periodo 
Mote s If too uiLioh gassing appears and Bleotrolyte 
starts boiling reduce the charging current. 


9. Leave the battery in the circuit until it is fully 


charged s 


Indiication of fully! 

i 

charged battery | 


it Violent gasing ocours. 

ii. Voltage per fieH. on open 
circuit increases to 2*27 
per cell. 


iiio Sp. gravity of electrolyte 

increases to 1.2B0. 


10 


Disconnect the battery from the charging circuit» cheo^ 
voltage, specific gravity, and test by high rate disohaf® 




teeter for-<x«i±liTnljag^hB~-diarse--<K»i^^ 
the vent plugs properly. 


.p^jTTT.iiB R-BGQJRJ} Qg OBSERVaTIOU ? 


Table I 


Table II 


j Voltage 
' cell 

J or whole 
j battery 


Spe cifi c-i—--Ohar ging 
gravity { current 


Dura¬ 

tion 

of 

Sharge 



% 

f\^, - 5 » Circuit Edagram showing 2 batteries on charge 



Fig. 4 

Irooeaures 

1* Clean the battery and its terminal posts* 

2* Remove the vent plugs and check the electrolyte level. 
Top up with distilled water (the level should be as 
marked on the battery or 1 to 1*5 cm above the top of 
plate. 









4* Measure the voltage of or wfani a ^ 

daeclc "iihe—i^>-eci.fi,o--gre^^ -of.--el^ci^rol^tje--aja,-eaK^^ 

5, Gonnect the battery to the ohaTger after setting the 
correct viltage (on the charger it is indicated as 
6 v, 1 2 v, 24 v, etc.) Eig. 4 
Note ;-Check for correct polarity, 

-There should be no loose connections. 

-In case of variable voltage source, adjust 2,5 
to 2.65 volts per cell. 

61 . Record the charging current, 

(if charging current is hi^ reduce the charging voltage] 

7. Leave the battery in the circuit until it gets full 
charge, 

Note s No adjustment of current or voltage is necessary 
while in charge. The charging current '■ _ ' 

tapers off to nearly zero when battery is fully 
charged. 

Charging current depends on charging voltage and 
amount of charge left in battery. 

8 . Disconnect the battery and test for its condition as 
stated in Stepir' of previous part. 

9. Close the vent pluge* 

TABUIiKR record QE 0BSER74TIQN S 


Table I Table II 


1 -n 

t 

f j 

t 

I 

voltage j 
per cellj 
for the 1 
battery ; 
voltage ; 

Specific j 
gravity ] 

4 

1 

J 

1 

J 

1 

1 

1 

' 

J 

Charging 
current 
in Amperes 

Duratiohl Ampere ^ 
of char-*, hour i 
ge.Chrs){ eapacitri 
- 1 of ] 

{battery 1 

J Before 

1 

1 

1 

j 

1 1 

[ 1 


i _ _ 

charging 

i 

. 1 

1 

1 

_ - ^ 1 

f 1 

f 1 

\ 1 


I t 

1 t 

I r 

{After 

J 

1 

j 

( 

f 


•} 1 

{ charging 

1 _ 

i __ 

1 

i 

1 

- i 

1 

t 

r 1 
u - 




PREOAiPrTIONS t 

1, Watch the temperature of the electrolyte 
(should not exceed 45 ° 0 ) 
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2 . 

2^ T?.i fl^rtrc<xLvt-e-J-s~^ij3jur^^ & Q^Tha■rt^: 1a•^ j -.K-J ■>.. 

Wasii "With water if you. come in contact or fails on your 
cloth. 

5, There—moat l>e'~aD—loo-ee—conne^rtions. 

4 , Naked flames should not be taken near"a-hecttsry- 

under charge. 

5 , Oharging room should be well ventilated. 

6, Do not short the battery terminals to test its condition. 

7, Reduce charging current when bubling starts. 

8, Apply petroleum jelly to battery terminals to avftid 
corrossion after putting it into service. 

QTfflSTIOWS EQB. EVaLUA T IOU s 

1. If 5 batteries of 40 Ah, 70 AH and 140 Ah are connected 
is series for constant current charge what ^ould be 
the maximum charging current that can be used for 

10 hr. charge? 

2. What will happen if the battery is reverse connected 
(+ve of battery to -ve of supply and -ve to +ve)? 

3. Name the Electrolyte used in lead acid batteries. 

4. If you have to prepare electrolyte for the battery 

state how vrill you mix and what precautions are necessary, 

5. One of the cell of a battery shows 1.5 v even after it 
was in charge for 10 hrs. What does this indicates? 

6. The electrolyte level of a battery is too low due to 
accidental spill over. What will you add to make up 
the level? 

7. How will you identify the +ve and -ve terminals of a 
battery if no marking is available on it? 

3. Which is the sure test to know the oharging condition 
of a battery? 

Storage Batteries by G. Smith. 

^^'isbrial Electricity by G.I.Daws. 




■pTmT.Ti! OJ EZPmiMENT/PHAGTIQAlt. ;^ 

Visit to thermal power station. 
oPTiinmO OBJBOTlirBS j 

1 , To he familiar-wi±h-^;Ti«rmaX~l«3wer-ste±lron 

2, To understand basic schematic layout of thermal 
power station. 

3 , To understand the function of basic- -flquipmf>n-h nf -hVi 
power station. 

TWTftQDUCTOR'^ AITD EBLiiTED THBORYs 

In thermal power station the heat energy obtained by 
turning the coal is utilised to convert water-int o st eam in ^ 
a boiler. Thc-s steam is passed through the steam turbine 
converts heat energy into mechanical energy. The turbine acts 
as a prime-mover for the alternator. The turbine acts as 
a prime-mover for the alternator. The turbine supplies, 
mechanical energy to the alternator. Alternator converts 
nechanical energy into electrical energy. 

The basic block diagram representation of steam power 
sta-bion is given in Pig. 1. 

In actual thermal power station these are many other 
axi3iaries for its smooth operation. 

Thermal power station req.uires ample q.uantity of water 
and coal. While selecting the site these factors are kept in 
nind. 

IS EgMBUT AN -n 

Visit^ to thermal power station, 
glflOgiT TiT aGaA iVt i 

given in Pig. 1 attached. 

g RQQBDTIRIi! t 

Follow strictly the instructions given by the 
Shide regarding safety measures, 

2* Start your visit from coal handling plant. 


4o 


_[idjs=ter)L^^ —t±be--i Ln -: epx i a &i7ii>ar-ga:Tr ^ —Hla-€lli4a» 

labuXaT record -^xf ,oJ:>Barvadd,pns--slaD^^^ 
powei' start on it self» 
yABULaB. AEOOai) Qg 0j3SEaVi<.TIQigS s 
Observe the following; 
a) Goa^. and aph handling plant ; 

1, Type of coal handling arrangenent. 

2. Quantity of coal used per aonth. 

5. la the coal pulverised?' 

4o T-'rpe of ash handling arrangenent. 

5" Disposal afrangeaent for a^« 

^ rnd Circuit s 

I, Method of air heating. 

2o f,ype oi LiJ-'aft o 
5o Basic function of a chianey. 
o) Peed water and stean oirouit: 

1. Source of raw wator, 

2o S.eacon for water treataent. 

Basic fLCLotlcn of a boiler, 

4o Type of boiler, 

’:''c Pressure of outgoing stean, 

6, Teapp^vat'-'.ue of outgoing stean. 

7, Bacic funorion of a turbine, 
y, Typi- of cuvba-ne, 

9o Speed of burbine. 

10c Pressure of the output stean in the turbine, 
lie Basic function of a condenser, 

■1) .^tterna i ^ _ ' ao, , generator) - Exciter t 
1 o MVi*./KVt». output of the alternator, 

2, Geoeration voltage. 

5. frequency, 

4® Speed® 

^ „ TT o J "OOlcSa 

6. Type of the aS.'^emater, 




—— ' 


- •j^ jiiy^aio^l-dinensj-orx, 

8. !Eype exclta*bion-sysiieru-. .. 

9, Excitation voltage. 
g) flyntrol Aooas 

1 , Eaae various-types oi j?elay& usedi 

i. 

ii. 

iii, 

2. Measuring instruments* 

Name of Basic Reading at the 

Mo. the aeter. function tine of visit. 

1. Acneters. 

2. Voltmeters. 

5, Frequency meter, 

4. Power Factor 
Meter. 

5. Energy Meter 

6 . 

7. 


f) Iranaformer s 

1. KVa/MVA Rating. 

2. Input voltage / output voltage. 

3. Winding connection primary/secondary 

primary / secondary 

4» Method of cooling. 

5» Physical dimensions. 

6» Basic function of* 


Transformer 

ii. Oonservator 

iii. Breather 


iv. Buchhola* s relay 

v. Transformer hushing. 


PHEQaUTIONS i 

1 * ]3QrioV^^oA;lP■h--an3r■e<3:uipxBrrt^^^ 

2. Maintain safe distance fron the various equjLpaeHt^ 

3. Do not disturb nornal working of the power station 
Observe strictly the safety instructions. 

5. Move alongwith your guide. 

QUfeSIIOCTS POa EYiJ;U.uTIOJSf t 

1. itn alternator converts... 

energy into . energy. 

2. Why is the coal pulverised? 

3. ITane five Qain auxiliaries of the stean power station, 

I 

4. Mention the total installed capacity of the power 
station visited. 

5. Is the alternator excitation a.c. or d.o.? Why? 

6. What is the function of cooling tower/cooling fountain? 

7. Thernal power station causes atnospherio pollution. Bjjli 

8. Explain. 

8. Mention the location of the following: 

a) Instrument Transformers. 

b) Circuit breakers, 
o) Relays. 

RBPBRBMOES : 

1 * k Course in Electrical Power by Soui * 

Grupta Bhatnagar, 

2. Power Station Practice by M.V, Deshpande* 
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TTILB ' V-' ? 

pigging of pitD and holes-. 

Sising earl.hing p.Lates, ' 

practice in different types '.r uarLbojag, 
Coiinect.i.ona to lightening ai'r'istors. 

s2-p.ciT.Bia OBrn yi^ziL w.s 

1 . To understand the neoessity of earthing. 
2r Ho study tho tyioes of earthing, 

W 

5, To learn ine laethods of earthing, 

1 - 4 .> ‘To tie,.it for proper earthing, 

5, To sL'-’.dj' earthing of lightning Arrestors, 


IM . rrr Ot?mT TQN AND RELATED TTTRnftti^ s 
Ttffl earthing is essentials 

1, bo sare human life from danger of shook, death in case 

hj comes in contact -with charged frame- (due to any fai-.n, 
] leakage current) 

2. to maintain the line voltage constant 

3o to protect large buildings from lightning, 

4» to proteCT a? J machines^ equipments and 0,H, lines from 


li^itning. 


5*' as a return pa’i.l'i f jr electric traction. 

The object oC an earthing is to provide as nearly as 
poeeiblo j, s .I'lace under and around the electrical installa' 
tioa, Nearly at sero potential. The purpose of this is to 
ensu.rr that jn general all parts of appratus, other than 
partsj eliall be ati earth po'btchtial. 


^JL Ja 


■t 

'• eartliing (2) plate' eKrthing (3) wire mesh or. 

atv.p earthi-rg (4) i},od earthing, 

Ih pipe eartlJ.r.g a 2 n., long G.I.Pipe of 3B mm dia. 

. „ ' I 

3 vex*caller in grouiid' "bo trork as eax““bh electrocleo 

depth at tfhJ..oh the pipo is em.-l3ded depends upon the soil 

A 



ooiidi4rLoiL. 

- - 

of tb.e Pipe above the groimd Level with nut and bolts w^1 

a% gn? 

pit area around the G-.I*Pipe is filled with salt and coal | 
aixture for iiaproving the earthing. The pipe earthing ig ' 
shown in Pig,I. 

2) In plate earthing the earth wire is bolted effectively 
with the earth plate of copper (siae oq x 60 ca 2 5,13 


or G.I. (siae 60 on x 60 era x 6.3 mia) enbeded 3 netres deep 
in the ground. Copper plates are found to be noet effective 
earth electrodes and are not affected by the soil moisture, 
The earth wire is drawn through a G-.I.pipe fitted with a 
cap on the top throu^ which water is poured in the pit 3 f 
earth plate from time to time for efficient earthing, TJae 
is shown in Pig,2, 

3) . In horizontal atrip or wire mesh earthing wires or 
strips of copper or galvEinized iron in the form of a meah 
are embeded in the ground at a depth of 50 cm. The stripe 
or .wires mesh are laid parallel to each other at about 1 
metre spacing and 0,5 metre below the ground level. 

4) . In rod earthing solid rods of 12 to 196iiii dia. of 
copper or Gf-.I, and of suitable length are buried in ground 
either by manual or pneumatic hacmer. The effectiveness 
of the earthing increases with the increase of the length 

i 

embeded rod. 

Per efficient earthing it is essential to pour salt 
water in the pit from time to time. 

Earthing should be provided to the following ^ 

1, Installations in buildings. 

2, Domestic fittings and appliances. 

3 , Industrial Premises. 

4 , Electrically driven M/0 tools. 

5, Electric aTo welding eq.Uip^iL3nt. 

6 , Industrial electronic appairatus. 

7, Electro-Medical apparatus. 7 

- ' i-'f' 
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Fb:b g1;artx.oa.a»—geJiarer-iajigf^-Bi^^-- 

9. OTar-head power lines. 

10. Neutral wire of A.O, Supply System. 

11. Middle wire of the three wire D.O. distribution sysl^em*.. 
The regl etanoe of the earthing system depends upon the 

f n1 lowing factors g 

1 . Soil conditiori,. It should be: 

i, ¥et marshs/- grouEd and grounds containing refuse, 
su,ch dz ashes, cinders and brine waste, or 

ii. Claying soil or loam mixed with small quantity of 
sand, or 

iii. Olay ard loam mixef. with Tarying proportions of 
sant, ^-’T-avei and pebles or 

iv. Damp and ¥et Sand Pit. 

2, Temperatuc‘e of soil. 

If temperature of soil is eacpected to be quite j-ow, 
the earth elJectrodes should be Installed well below 
the froc.I line. 

3* Waste contents of the soil, resistivity of soil increases 
very a.br'jptly with the decrease in moisture contents 

4. Spacing and size of electrodes, Eesistivity decreases 

with increase in size of electrodes. 

5. Depth at which the electrodes are embeded; Resistivity 
decreases with increased depth of embedding. 

6. Nature of loop wire i.e. material of conductor. Copper 
plates are found to be most effective earth electrodes 
as they are not rusted by the soil moisture. But on ^ 
account of its bi^ cost, G-.I. is preferred for normal 
work. 

Measu rement of earth resistance s 

in this method two auxiliary earth electrodes, are 
placed at suibable distanoes from the test electrode 
(See Pig, 63). A nGP-BU^^erl ou.-.’ceiat is passerl be'tween 
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el.e<rtrade *A* to be 

>0* and Y bei;-ween th.e eleotrocle 

ab-d the ahxJOJ-aPy potent±al eXeo-bxode * B* is measured. 
The resistance of the test electrode *A* is given by i 

a = 


¥he3?e R = Resistance of the test electrodes 
in Ohms. 

Y = Reading of voltmeter in volts 
I = Reading of Ammeter in Amps- 
It is important to note that the resistance of earth 
system shall not be more than 1,0 Ohms* 

Earthing of Llishtenlng Arrestors i 


The bases of lightening arresters shall be directly 
connected to the earth by conductors as short and as 
practicable to ensure minimum impedance. There shall tc 
a direct connection from earth side of the listening 
arresters to the frame of the apparatus being protected. 
The earth connection should not pass throu^ iron pipes bb 
it would increase the impe<^ance of the connection. 
EQUIPMEUT AND MATERIA LS i 
i) Por Pipe Earthing i 

1. G.I.Pipe 33 lUiii'^2.5m long. 

2. Rst^ucing Socket 38 x 19 mm. 

3. Gr.I.Pipe 19niii <jb 1m long* 

4. G-.I.ETut, washer, check nut. 

5. Punnel, wire mesh. 

6. ff.I,cover hinged with O.I.Prame. 

7. G-.I.Pipe 12, 7 ram 80 cm long. 12,7®™ 

8. Charcoal and Salt, 

9. Cement' concrete (Is4s8) 
li) Por Plate Earthing s 

1* G.I.Plate 6o x 60 cm x 6.30 mm. 

0 R mm cm 

2* Copper plate 6o/x 60/x 3.19 mm. 


/ I 





3. 


4. Copper or G-.I.Wire. 

5. Gr.I. Pipe 19 niiii'^f 1.5 n long. 

6. 0,1* Cover liinged with 01 frame. 



8. Oenent concrete (1;4 j8) 




QlitOTJIT DIAG-PAM; 


-■(a.V.eiff' osn^-^^p^afee^-aaeeta/ ■ 1 , _i ’ ' i. '' ‘ 

PAOGEDUBE ; 

h.) Earthing Methods 

1. Mark on the ground whera^.earthing is to he done as 
per requireaent, 

2. Take the digging equipnents and aake a way/hoUse for 
earthing plate/pipe as the case may he upto the required 
depth, 

5. Put the layer of charcoal and salt and then place ' s- 
plate/pipe vertically. But again the layers of charcoal 
and salt to cover plate/pipe. Ensure that earthing wire, 
pipe of funnel and pipe carrying earthing wire are 
attached properly with plate/pipe. 

4. Put the Punnel at the top of funnel pipe with wire nesh. 

5. Concrete the area, around the funnel ahd put G.I frame 
with G.I cover on it. 


Pour sufficient amount of water throu^ funnel, after 

solidifying concrete, for ensuring good earthing, 

7. Connect earth wire taken out through pipe/plate to the 

equipment to be earthed. 

(■3) ^agurem ent of earth ■aesistanoe i 

1* Take 3 electrodes, one as test electrode, other as 

potential electrode and third as current electrode, 

Ihe electrode should he 12,5biiii ^ and 1 , 25ei long and 
Qade of mild steel. 





2m Put 'tto-e'-eXeuiti^des, as shoim in fig ’ 3 ’ , in th,e gcounfl 
The distance bstTr©an.-Ela<rbradA_A&^—vaxy'-rCronu^Om to 
5 O 111 , The electrode B should be put in between, The 
electrofles should be driven upto one metre into the 
ground. 

3# Connect ammeter and voltmeter as shown, 

4 , Connect current source at power frequency of 50 Hz. 

5 , Record the emeter reading. 

6 . Repeat the meter readings by varying distance between 
Electrode & 'O' from 30m to 50m. record two more 
readings. 

7 . Calculate earth resistance and record it, 

TABUIaR record op OBSERYATIQtT ; 

S« Distance Voltmeter Ammeter Resistance 

No, between Reading Reading in Ohms 

electro- in In « V 

des A&G Volts Volts ^ ~ 


3. 


PRECAUTIONS t 

1, The earthing electrodes should be situated within < • 
from the building whose installation system is beinti 
eEirthed. 

2, The size of continuous' earth wires used with cables 
should not be less than 14'SiW(}, 

3, loose earth or coal salt mixture should be filled 
around tire earth electrode for effective earthing. 

. The size of the earth wire run for earthing should 
able to carry the full load current of instalia-tion 


4 
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offax^iag" Xea^'T^e.sl.g1:anxyer-iro-^ ^ a . -n n-w — t>»f i anyn ^ 

©urrent• 

q TTTi!HTI0N3 ^OB. EVi>-LiUi».!II01iT 8 

Why earthing is essential? 

2, State types of earthing* 

3, Illustrate hy a neat aiagraj:i--ti]La--aifferent nethoas 
of earthing. 

4* How will you earth the lightning arrester? 

5 , state peraissihle value of earth resistance of 
earth systens? 

REFEREHGES s 

1, Ooae of Practice for Earthing. 

IS ; 5045 s 1966 

2. Specification for Earthing fransfomer, 

IS i 5151 s 1965 

5. Code of Practice for Electrical Wiring Installations. 

IS : 732 : 1963 

4, Electrical Wiring & Practioals, 

by A.E. Dass. 




METHODS OF EAf?THING 



Fig 17-1 








lo-l- 



Figl7'2 




-lo^- 

AMMETER 



TEST POTENTIAL CURRENT 

ELECTRODE ELECTRODE ELECTRODE 


Fig 17-3 
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^y jTiiRTMg/^i^O^CICULlf Uo ilS 
rp-i- mr.m m? •lj!XPEaiMEi!fa?/P.riiLOTJQAL ; 

Visllj to (different iastallatlaiiFi .^rid_Q2a4vaaEli!ig>_ ^ftR.T*i:Tiiri£f 
requirecLGnts. 
fiPTi!CII?IG OiJEGTI'VES ? 

1 , To be fauiliar with the eEii*i?hi)ag req.u±rQQeJits of 
different installations. 

2, To study various methods of earthing used at different 
installations• 

3, To be able to draw the die^ans of earthing provided at 
different installations. 

INTRODUOTORY INK)IimTlQU BSI^iiTED THEORY; 

kn electric installation is always provided with earthing. 
Earthing provides a path of least resistance to the leakage 
current. 

The different types of earthings provided with installa¬ 
tions are; 

i* I 

1. Pipe earthing generally used at the rocky area. 

2. Plate earthing. This is used for areas other than 
rocEy area. 

3. Horizontal wire or strip earthing. T.-‘ir. tyj^ •.*f i <..rthing 
is used if strips are to be buried in trenches or ditches 
at a depth more than 0.5 meter, 

4t Rod earthing. This is used for testing earth resistance. • 
The earthing lead is connected between the earth point 
p5fOTLded and the electrical installations. The earthing 
leads are of copper, aluminium or G-.I. Q-enerally two 
earthing leads are carried together and connected in 
parallel for effective earthing. 

^UIPMRW T Mta.TERI^lS ; 

Different eleotrioal installations. 


- UJj— 


OIBiJU X'J D]j:uG-i UiMi 

The typical «=iiasraa ol Tl.g. 1 shows eart-hing--ara:aixgBae^ 
for an outf^oor substation. The-cijxuLit'T^riagxsn of earttiri^ 
of the various installations are to be rlrawn at the tine of 
•visit. 


j?l'J3E Dl]RB g 

1„ Visit '•:ts n-i fferent installations and observe earthing 
r e q.uir e ij en t s 

2, Note riown observations in the tabulated forn, 

BEOPiLI) OP OBSERVATIONS ; 

Note r'own following inforaations 

1. Type of installations* 

2, Type of earthing proviried. 

3, Material used for earthing. 

4. Dimensions of the earthing* 

5 Resistance of the soil. 

6. Resistance of the earth electrodes. 

7. MateT-ial of ea-'^’thing lead. 

8. Size anfl shape of earthing leafl, 

9. Location of earthing. 

10. Maintenance of earthing. 

11. Whether neutral is earthed or not? 

12. Whether earthing is provided fort 
i. Power Oircult, 

ii. Lighting circuit, 
ill. Substations. 

i y.l3. Whether earth fault protecting device is pro'videfl 
or not? 

14. Type of ear-th fault protecting device used. 

15. iny other additional information. 

16. Draw a diagram for earthing arrangement of the 
installation vii^ted. 
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t. jostm strictly the instructions given by the guide, 

2 , Note ^own the correct data in oonsultation^with the 

jui'^’e 

mSi EVUUi^llQN t 

1. Me': type of installations have you visited? 

, 1 . i/hich type of earthing is pro'^ided? 

.Mt is the ar.terial used for earth electrodes and 
earthing leads? 

4, Discuss the oaintenanoe procedure of earthing followed 
in the installation visited, 
itEFEMfOES i 

4 

1. IS Code practice for earthing 
IS; 3045:1966 

2. IS Code practice for electrical wiring 
installations 

ISs 732:1963 

3. Electrical wiring, 
by ij?ora 

4* Newnes Electrical Pocket Book, < 



CCN^■■CTf£D TO OVERHEAD 
--'-.ARTH W!RE - 


u — I ir= 

iawWMAVtMMM Hit-A I H ■ ■■ " !■ I 

LlGl?rMlNG ARRESrEfTS 
EARTHING 

circuit breaker 


I INSTRUMENT f 
^TRANSFORMERS’- 


fEARTH 

iwtRE^ 


CIRCUIT BREAKERS 

COMTINUITY 

CONDUCTOR POWER TRANSFORMERS 



EARTH 

ELEC- 

'TRODE 


CONNECTED TO OVERHEAD 
" . EARTH WIRE — 
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v-'~"-LTrri!NT /PRAOTIOAL MO i 19 
q'T'TL'a 01' i^ir.gBRIMB]SrT/PiLA.QTIGAL ; 

1, Measuring continuity in ear th ing, -oirc-uita. 

Errthing 

2, /Practibe of '.irttiinj a given equipment. 

gpTiinrpio objectives : 

1. To unflerstanrl the necessity of continuity of an 
earthing circuit. 

2. To study the different methods to measure cont±a.u3 'tj in 
earthing circuit. 

3. To connect/provide earthing to a given equipment. 

INTRODUCTORY IITEOEMAT lOU AUD BELATED THBORY : 

All the earthing conductors should be tested for tb^?xr 
effective continuity. In case of an earth fault, poor oj" no 
earth continuity leads to fire hazard or dioch to the - ■ ^ons 
who come in contact with the body of the machine or aw j 
frame of the installation. In the absence of proper tari-ring 
current may pass throu^ the body of the person cauaxng shock. 
The proper earth connection will bypass the leakage ourreni 
to earth and it will not pass throu^ the human body 

I 

(being a high resistance path). 

Poliowing are the tests to measure continuity of earthing 
circuitsj 

1. Alternating Current Test s 

Earthing conductor together with conductor of Isnown 
resistance is used for this test. 

■hn a. c. voltage not exceeding 40 volts is applied at 
rated frequency of 50 Hz Current of 1.5 times 
mately) the rating of circuit under test is passed .. irou^ 
the loop. Maximum current passed is about 25 Amps^ -he 
impedence of earth continuity conductor ^ould kox ..-xceed 
one Ohm, The iiupef^ance should not be more thhu, 0n5 
ohms for conduit wiring and 1.00 ohm^'fher types of wiring. 
Hand neon tester nay be used as test equipment, - 




2c Lfr tb. Loco .lD ~, 3Cf^e:.rice 'Jest f 

Til., total int)v 3 «^e.iacQ o'’ the loop shoula he such that it 
allows G currer't (three tioes the rater! ourrent' 

tj floiT 1x1 uh^ ovent of fault, to opera u'e the protc: •( 
'^’ev.icc ariri easure that ri.se rn potential of metal 
syrtc::, ^ooa rou tp,ke plaje. The total imperiaiice ir 
^.^a^ure'i hetwoe-.n consumer’s earth terminal an<^ eartbing 
wire, 


If fuse (HRO or Rewireble type) rating is of 30 imps. 


with 240 volts, 50 Mz aoCo supply, then fault Current 
= 30 X 3 = 90 Amps, (minimum value expeoterl). 


Loop imperiance = 


240 

g Q — 2c 66 ohms « 


If circuit hrakers (C.B) are user’ for 15)O^i-cireuitfl 


with 240 volts 50 Hz supply, then 


Fault Current = 1<,5 x 150 = 225 Amps, 

(-Minimum value e3cp acted) 

Loop impedance = “ 1-06 Ohms- 

Barth loop impedance test oan he carried in the following 


Ways* 

(a) line Earth loop 
(h) Heutral Barth loop 

Barth loop impedance tester iu au instrument used for 
this test. This instr ■'mert passes a short duration 
current throui^ the loop, the value of current depeni’s 
upon the value of impedance of loop and voltage of the 
tester* The current passes tbrou^ 10 ohm resister in 
series with the loop and the potential difference aor'ss 
which is measured hy an instrument calibrated to res. 
loop impedance directly^ The instrument inoorpora*’''=' 
voltmeter and a voltage selector switch enabling il5 
use on supplies of different line voltages (Refer Ti*-' 5^ 



ji.' JTTT:' 1#J MD MTER.IALg ; 

1 , Low -volts a^c, supply po-wer pack, 

2» Voltmeter a,c, low range, 

3 , ATTim fiter a.c. suitable range. 

d.. Earth point at consumer's premises, 

5, Plug socket with earth connection, 

6, Earth point 

7, Machine to bo earthed, 

8, Earth loop impedance tester. 

nmOPFi DlkQfRM : ' 

Pig. 1,2, 3, 4 6b 5 . are Ura,wnon separata sheets, 

PROCiitOmE; 

1, Take a power pack having low a.c, supply volts range, 

2, Connect the terminals of power pack with earth point of 
plug socket cind earth point through ammeter as shown in 
Pig, 1. 

3 , Connect the Voltmeter in the circuit also, 

V 

4, Calculate impedance with the help of formula — . 

it should not oxcood ono ohm. 

5, Similarly carry out line and' neutral earth loop impedance 
tost (Rof, Fig 2 and 3)* 

6, Record the results of each test in a tabulated form, 

7, Take the given electric machine, 

8* Install it at req'uired place, 

9, Take an earth load and one end of it is to be connected 
to tho consumer's earth point, where-as other one to the 
earth point of the given machine, 

10. Test for proper earthing. 



1 
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TABUli H _ fl EOQRD OE OBSERVASIOIT ; 


51. I'ypc of tost 
No. 


1 • Alternating 

Oiirrcaat Hctliod 


Volt no ter AirnGtor" Z I- 

Reading Reading -^EipGaanGo 


2. lino oarth loop 
inpcda-nc o t ost. 


i) Igo pcaition of 
'R' swit eh 

ii) Ilnd position 
of switch. 


5. Ncntral Earth, 
loop inpodancG 
tost. 

i) 1st position 
of ' P' swit eh. 

ii) I^d position 
of ' P' swit eh 


PRECAUTIONS ; 

1 • low volt a.c, powor pack is to ho selected for tost, 

2, Use Instranonts of proper range, 

Make uso of neon tester whenever required, 

.UUESTIOHS EOR EViqUATION ; 

1 • VJhat is the necessity of measuring continuity in 
earthing circuit? 

2. Name the various methods to measure continuity In 
earthing circuit? 

3* Doscriho with suitable illustration any one method to 
measure continuity in earthing circuit, 

4. that precautions you would observe while earthing 
given equipment? 

5, Draw a circuit diagram of earth loop iDpodance tester* 



htlJ ERMTOES. ; 
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“I, IS Code practice for earthing, 

IS : 3043 : 1966 

2 , IS Codo practice for olectrical wiring installations 
(Systen voltage not oxcooding 650 volts) 

IS : 732 J 1963. 

5 . M’cfjnos Bloctrical Pocket Book. 

4 , KLoctric Uiring Arora. 









»sumer’s 
ASTH Point 



Parallel earthing leads 



.earthterminal 
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g ^T^RiWT/BRAC TIGAL No^aq 

nTT THE EXPBBIMBNI/PRAGTiCiL 

Visit to sub-stations and to prepare schemetic circuit- 

diagrams. : 

:p?/T['FTG DBTEGTIVFjSj, 

lo be familiar with the various ftmctions of a substation, 

i, Sb be familiar with the various equipment in a substation. 

3 , To be able to draw schematic circuit diagram of a substaticm, 

jHi p^nmCTOBY INFOBMAIIQN AND RELATED ffiEQUY: 

A substation is defined as an assembly of equipment which 
are installed to perform any one or more of the following basic 
operations^ 

i 

i. Switching. 

ii. Changing of voltage level. 

Ill, Power factor correction. 

Suggestions are of following tvnes: 
i) Indoor type li) Outdoor type^ 

(1) Indoor tvp ei- In this type of substation the apparatus 
is installed with in a substation building. Such substations are 
usually for the voltages upto 11 KV. Ihese substations are used 
at locations where the surrounding atmosphere is polluted with 
impurities such as gases, fumes etc, 

<3utdQQr H ubstritirmi- In such substations the apparatus is. 
installed in the open yeard outside the control room. Outdoor 
substations are of two main types:- 

Pole ^^^ 9 ^mfced typia»_ Such substations are erected for the 
distribution of power in the'local! ties. Single-pole or H-pole or 
‘^“Pole structures with suitable platefojms are employed For 
^^^ansfoijners upto capacity of 200 KVA- 

Pound Sut ton Mni^nted aubatatlom Such substations are erected 

i'or transformers above 200 KVA capacity and voltages of 33KV 
above. 





EQUIPMENT AMD MATERIALS ; 

Visit to a su'l>stiatd,oii- 
OIROUIT DL\.GEaM; 

• .. - ~ ^ 

Tho student is required to prepare the coin.pJ.Gte layo\rt 

of tho substation actually visited, Tho layout of a typic«^ ' 
substation is shown in Pig.(t), 

(Note: Tho figures is only for illustration. The arrangenart' 
In tho substation visited may bo different), 

PROCEDURE ; 

1, Pollow strictly the instructions given by tho guide 
regarding safety measures. • 

2, Start your visit from the incoming end. 

3, Listen carefully tho instructions given by the guide, 

4, Tabular record of observations should be filled in the 
substation itself at tho time of the visit, 

TABULAR RECORD OF OBSERVATION : 

— 

(a) Incoming system. , 

1 • Incoming voltage, 

2 , Is there any li^tning arrester at the incoming 
end? ^ los/No, 

3, Ro. of incoming circuits, 

4, Route of the incoming supply, 

5, Height and typo of tho tower, 

6, Typo of the conductor used, 

7, Typo of tho Insulator. 

8, Ro. of discs in an insulator string, 

9, Repeat information (l) to (8) for outgoing line, 

(B) ^Bus bar arrangonont. 

1 , Typo of tho busbar, 

2, Material of the busbar, 

9 

* M 

3, Biisbar protection if any, Yos/Ro 

4 • I ■ solat ers ( a) Manually op erat od 

(b) Mot or operated 
5, Typo of tho circuit breakers. 
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« 

(C) Instruncnt txansf omors •* 

(i) G.T, - primary currents 

■ V secondary cnmrren't, 

- primary no* of tinms, 

*r Rating 

(ii) P.T* - Primary voltage. 

- Secondary voltage, 

- Rating. 

[n) Tran'flf ormer 

1, Power/distribution transf oruer- 

2, Rating of tlie transformer. 

5, Primary/secondary voltage. 

4* type of coaling 

5, transformer protection 

6, winding connections 
( bJ Battery room 

1. No. of batteries. 

2, Total veltage- . 

Charging arrangement 

.4* Anpero-hour capacity.' 

( B) Control Room 

(a) Nano of the various typos of relays 

(b) Various typos of instruments provided. 

» 

(G) Misoollanoouss 

1 . Is there any conprOssor room? 

■ 2, Is there any oil testing equipment? 

Type of earthing arrangement * 

*4. is Phec provided? 

5* Any arrangsiieat for power factor improvement? 

• * 

6* List various equipments used in the substation.- 
tH) MqIco the complete oireuit diagram of the ^substation 

m 

la;Jtiut. 



PRECAUTIONS: 

* 

1, OUservo s1:rictly tlio safety instructions, 

2. Move along with your guide. ^ 

5, Donot touch any uquipnent without porralssion. 

4, Eoop a- safe distance fron the various oquipnont. 
LiUESTIONS FOR EV^lLUaTION ; 

1 , la there any relationship 'bctwcGn the systcr.! voltaro 
and the nunhor of insulator discs? 

2, 'What is the function of the trenches provided in tho 
yard? 

3, Explain the functions of a substation* 

4, Why lightning arrester is used. 

5, Why end tow or is different than the other towers? 

6, Draw tho sketch of string insulator. , . 

REFERENCES : 

1, A course in Electrical Rower by Soni, Gupta and Bhatnc 

2, Electrical Technology by J.B,Gupta* 
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TiFypmiMEMT/PRACTICAL Ho >21 

ttT'T.T; of EXPERII4ElilT/PRACTICAL ; 

Display of AO Vfave forn by an Oacillos^opja:* 

3PECIFIG OBJECTIVES ; 

1, To loam liow to use controls on the pannel of the 

« % 

Oscilloscope, 

2. To use Oscilloscope for visual display of electrical 
signals• 

IMiRGDUCTORY BTFORmTIOR AKD RELATED THEORY ; 

Tho Cathode Ray Oaoilloscopo is a very useful laboratory 
Inetrunent for noasuronent and analysis of wavc-forns in 
electronic circuits. An oscilloscope can present a visual 
display of current/voltage changing with tine on its 
screen. 

The heart of the device is a Cathode ray tube tC*R,T,). 
Tho filanont heats the Cathode and cathode cnits electrons. 

The onitted 'electrons pass through the edectron gun to fora 
an electron boon. Intensity of tho boan acceleration of 
electron and focussing of bean to shai^ point arc the 
activities controlled by electron gun. 

Electrostatic Defection Systen uses two pairs of 
parallel plates. One pair of plates is put in vortical 
position vrhere as the other pair is put in horizcsntal 
position* Deflection is produced by voltages applied to 
those plates. Tio-e base voltage is applied to produce 
horrizontal daClectdon^ The signal under test produce 
vertical deflection. Screen is coated with a chonical 
called 'PHOSPHOR' which cnits light when electron bean 
strikos the screen. 

There is no li^^t when tho boon is cut off r-- A^g^orol' 
purpose Oscillosopo as shown in Pig. 1 has tho following ^ 
controls; ' , 

1, POGOS 

This is adjusted to give a sharpest trace on the screen. 
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2, UTCMSin 

This is thG hrightnoss control which is adjusted for 
the desired hrightnees of the trace. 

5* HO B I ZC^ TAtj SHIFT AHD VERTICAL SHIFT 

Those shifts apply "bias voltages, to horizontal 
and vertical plato and bring tho trace to tho desired 
positions* 

4. vertical HiU'TCE LIUMIPLIER OR SELECTCR 

This is a calibrated step attenuator which selects 
the vertiolo input fron voltage divider, it controls the 
extent of vortical deflection of the bean. 

5. VERTICAL CAIH , 

This is a Potentinoter which provides control to the 
anpletude of the signal fed to vertical plates. 

6. HORIZOHTAL GAIN 

There is a ]?otentionoter which provides continuous centre! 
mf the amplitude of the signal connected ’to the ho‘--rlzontal 
Anplificr* 

Coarse and fine froq.uentey control! Coarse frequency control 
is a Rotary selector switch which detomines the frequency 
range ovor which tho sweep of the tine base Oscillator nay 
be adjusted. Fine frequency control adjusts sweep frequency 

f 

to a desired value. 

7. SyNGHROMISnrG BELECTOR 

This is a Rotary switch which scfloots either Internal, 
External or lino syncroniging. , 

0. SinJCIIRONIZING AMPLITUDE 

This is a potontionctor which varies the level of 
synchronizing pulse. This control should bo set at a 
lowest level at which it will look tho signal. 

9. ON/OEE SNITCH 

This is a switch to apply Mains Power supply to tho 
Oscilloscope. It is usually with'tho intensity control# 
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■lO, ICTPUT JiiCICS AlilD TEMIlilALS 

Vertical input and ground. Those are used for input 
signal voltage :whQS-e waveforn is to bo observod, 

1 , IIORIZOKTAI IITPUT AM) GROCTMD 

Those tominals are used for external deflection voltage/ 
as a substitute for internal swoop voltage* 

12, EXTERNAL SYNCtlRONIZIN& TERMINAL 

This is used for external synchronization, 

15. TEST SIGNAL 

This jack supplies noraally a standard voltage of ono 
volt peak to peak for calibrating the Oscilloscope for AO 
voltage neasurenent* 

■|4, INTENSITY MODULATION (*Z' axis Modulation) 

This jack accepts a signal for grid or cathode of tho 
CRT for. intensity nodiilation of the boon. 

All tho above nentionod operating control are shown in 
Fig, No.1 

ECSJIPICENT aND MATEEi.Ia.L3 ; 

1. General purpose Oscilloscope - one 

2, Stop down Transfomer 230 6 v - one 

3* Suitable rheostat to bo used as potemtionotor. 

4, O-IOV AG Voltneter 
CIRCUIT DIaGR/vM: 





PEOGIiSDUEE! 

1 • Goimoct tiiG circuit as shown in tKo f ieuro, 

2. Wait a ninutc after put tine tho supply on for wamlag 
up of the Oscilloscope. 

3. Adjust tho intensity control and fussing, control to 
got a fine spot ou tho screen. 

4-. Adjust tho varlah.Lo resistance to give above 2 -rolta 
on the .loterfl 

5, iidjust vortical range and vortical gain control to kco 
tho anplitude with in Units of tho screen. 

6, Adjust the tine base Oscillator frequency so that tho 
wave shape is nearly steady. 

7, SoLoct internal syn*b by sync selector. 

B. ii-djust level of internal synchronizing pulses to lock 
the tine base frequency and keep wave shape steacly, 

9. Trace tho shape of wave fom fron the scrocai of O.R.O, 
on a Tracing Paper. 

10. Change the input voltage to .5 V 

1 V, 1,5V and repeat stops 1 to 9f 

11, Record different wave shape against input voltage 

+ 

in the following proferne: 

TABD1..1R RECORD OR 0B3ERVATI0IT 

S.Ro. Input Voltage Wave Shape 

1 . 

2 , 

3. 

4. 


0.5 V 

1 V 
1.5 V 

2 V 


IT^ 
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PBTin/vnTIOES : 

1 , ivvcicl connoctinc: the lino point to the Groimcl lead of 
the OscilloscopG. 

2, Use Isolation transfomor to avoid short circuit, 

3, Do not connect c::ceBsivGly hi;^ volta/jc boyond rated 
value at tho vertical input tominals, 

4, Apply rated nains supply voltago for the C,R,0. 

5, Do not keep intensity too hi/^, This nay d^age- 
the scroon naterial, 

questions pgr EVALUATION ; 

1, What is the function of frequency control on tho 
panel, 

2, Explain the basic function of 0,R,0, 

3- ^Vhy isolation transfomor is ncoded? 

4. State the function of olootron gun, 

5« Tf/hat is nano of the wave diapc displayed? 

REFERENCE ; 

1 • Laboratory nanual for basic electrical engineering* 
2, Roforonco nanual of general purpose Oscilloscope 
selectod for tho exporinent# 




^PEMD iPC-I. 


- .134 - 

« f7 . 

LXLT CF COIJTRIBUTOBS. 

1. Dr.V.K JShansali 

iiaeociaui Profr-aaor 
El..curicaL Engiiij^Lrmg jD pariaa-nl; 
Univ.rL.ioj'’ of Jodhpur 
Jodhpur-342001 (HajaaUhati) 

3. d li r. 1 . t.’ .L .Za iikr iyo. 

iioa jc fi’of :;bor 

Ex _ c ‘jy xct-U Eng xi-r - r ing L -par'cai.n.'fc 
Uri I «■ oi Jodhpur 

J V.Tv,'i:ir-b‘lfcOOl v^ajay ohan) 

5 i' b hr i G .w-rauivasau 

ZarocTLlalay. j, Balakrishua Rood 

riylapor_j, Ixadraa-600004. 

4* 3hr4 14«j^ 

Do-puty Dir ctoT (Trcaniug) 

Diroccorav^ of Industrial Training and 
VoccLOi nol Eduoa-tion 
Gov rnri no of Haryana 
0 hand igar’h ■ 

5. Shri V.G.Phadii:.o 

D.pUuy I/ir coor of Trainiqg 
j-dvancod Trcaning Institute 
Sion Trojdbcy Road 
B oTa,bay-400022 • 

6. S hri G .V.D ^ingh 

H a(3.j El ctriodL Enginr ring D-partcifcnt 
Hew^to Pwlyt chnic 
Kahanc.gar, Lucknow (U.P.) 

7. dtu’x Yath PaL kapoor 

L Gour.r in El.ctrical Engine-ring 
a G ill of T dhnology 
B h3pal.-432007 (Pi J? .) 

8 • S hr 1 d -r d -M ^ r -t*.li 

L.ct^r r (.El c r.ricd Engineering) 
j I'lC** In _ 01 iu V, of Eng in' _ r ing 
F '.ridabed-121006 (Haryana) 

9» d hr 1 * 1 . .* 1 . .Man ilcyara j a 

ii s-s i'j oan j D ir ctor 
.u.dvanc:d Train-ng Institute 
Guindys Madras-600032. 


10. Shri P.B .ih.-yn 

Aussieoaiiij Irainmg Officer 
.i-dvanc d framing Institute 
d ion - Tr Jiibay Koad 
B ocLbay~400022 , 



11 


- i35 - 

- n' - 


. Shri **.P,V .noa 

R aJ r xn. T chnology 

D'^parun^iiu of Vocaoxrnaliaa jion of Educaui».jn 

W ,C .E .R *T » ^ NIG Catjpus 

br*i .tUrojjj.nc'uO I'^arg^ N'W D -1 b x-ll00l6 . 


12. Shrx i-achohiilanancia Ray 
L^couxvi’ xn T.diaology 

D _r>c.jc* j*x<L.aj of VocaGion.al3-zai;i:.ci of ECucaGx^n 

N,G.G«R.r*, Nf'o Ganpoe 

£>rx -j^urobindo l*arga N w D-Ihi-ll00l6, 



1>9 - 


^PEI03X- .II 


. .JO, ISITING CC flvflyrLTrigfr. 


DX**^ mS.mJCi'XiX 
i^rof L.'. or c-ixl Choin^an 
Sl’c^rical Tngin^ ring D-up^rciacnt; 
R -gi^nnl Eng^an rang ’ge 

E.U ruktJ -ra-Ji-52119 (Hairyana) 


iir, / oK .E'aan.. ..J.a 

-e T;.' f" ^Ljor 

LI .. -gi;a 'ring Dvpartii.L^a’b 

Univ x'^.'i.uy oi Jodhj^ur 
J ocLlipur-342001 (Raj as than) 


Shri K.P.Ki- oal 
D feputy D ir c X. or ( Tra inang ) 

Dir ctoraw,- of Industrial Training & 
Vocai*a-.ncil Sducani-n 
Gov nui nc of Haryana 
Ohancl igarh* 


3 hr a. £achchidananda Ray 
L^ctur r an T 'chnology 

D . par oi 1 - nj of V ocan i ^nal izat ion of Educat ion 

Natii.nal Council of Educoo lonal- 

Rcs arch anJ Training 

Sri Jturohindo Marg, Nsw Dalhi-110016* 



- I-O - 

- 137 - 



ftiiauTiioiiDiairs for-Colleciing Opiaioa of 
T achers and £ltud?iite 

on the 

Ins niUGwional-cum-Prac'c Seal Manual 

On 

ELEMEKrS Ol!’ ELSCTHICliiL TBOHmOCSI 

for 

L inenan Voc a ion Glas a-ZII 

(EzEeriin3ataL_Edi53^ti ^ 

1984 


DBPiiRTMENT OF vn n^rroivi>LT.T7.t Pin N qf EDOCaTION 
NdTJOHaL GOONOIL (W JESSttaOI aMD ‘rOalNING 

SRI iiUIioaiMXi MuHG, N5W DELHI 



Dear T ach.-r/siiucUiii, 

We ar-^ happy oo place this Kanual your ili'jpoai 
wioh jhi hape that it will htilp you to c.-nduct the 
pracaicaL works proscribocl in Dh. syllabi onu to ^aln 
rsquir d cixpoUG.nci.s uhrough voca&ional 

This Kanual confoms to the syllabi of Lin.-iian Vooaoion 
ClaoE-XlI off :r.d by ijhu itao^ of Haryana and includes aoss 
of the irpoxtant activiuios to be perfom^jd by a Lineman• 
This is an uxp^riciciital udicion with anplo scope for 
further ijoprovcoent through feedback froti you, Wt, solicit 
your acoive cooperation for ’Oho ij:5)roTeayati of fihs Kanual* 
After having used this Manual for a year or nore, 
kindly read the appended questionnaire c^ofully and write 
down uhe answers procisely and exactly to tht. point. You 
Day use oddlcijnol sheets of paper, * if the space provided* 
is insufficient. The questionnaire maybe mailed at th«j 
foUowing address; 

Shri ^CHCHiDuNiifDA ?ulY 
i’rogranEiQ Co-ordinator 

D.parcDjnt of Vocati^nalizati^n of Sducauion 
National Council of Educaui^nol 
HoSoarch and Training 
Iri Aurobindo Marg 
NSW DELHl^UOQia* 
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TE ^HEBS 




j. . urulie O'" k'ha Tefusher 

(in bZ-ook Isuterg) 


Miunc & jcosacQ. Address 
of ItisTJi'iJubion , 




k^dojx. 


lingdSaqper^ 


111* ' ff'xof^SBlonaD^^r- 
-E lal d Jbg^ttlaace.. 




Els'b- Haf>j;j.v:a.1-.lea loclu^sdr la the Mrumnl vhloh 
_.do oot figure In the sjrUabue 


‘inat 


4o not figurg^,ia_the syii^faus, tht n-rs 
^<^”1 liy'iwpTTrtff .nti 




TT^at; the".4&1»3arit^jfcaa^^rB6Ci?a^ In^th a 
but not’ oovered. in the M^msQ.* 
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5# List cliE* vocauionally imporbana actisriciieEi' which 
are neiohirr included in whe Koauai nor pre&crib^ 
in bhe syllabus* 


6* a) i&o?s bhi- rel<£vana iofonoac 3.011 given under ev ry 
- - activity unit .famish enough thdorstici back¬ 
ground of the activity^? 


/■'ies/Nol 


b) If not, li£^ ^bhe ^tivity units where rd.vant 
infonoauioh needs further modification* 


Activity Unit ' Portion Type of modification naadpd 


7* a) 


1 

I 

r 


Dors the relevant infoimaGion conbain any factual 
errors br inaccuracies*i 


‘ X^rs/lSfo 

. I 

0 ) If yes* give the d-tails’ 

I 

i> 


Activity Unit Error/InGccurocy 


Should road 
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8. you iiooiCc aay sxprsciy ions/a .-Hu ucc^a ia ih., lanual 

which do nou carry prvcioo a^aning or lufomusio'i? 

If yea, chen giv«3 tht dowoila; 

Pag Expi'v.ssioii/y-n’lJetiCc* VJould h- More 

■ — —, _ ^prop rjL!.;;!._ 


9* ^r. insiiruotionol objectivos prriidiing io oOch 
activity unili raijiaiaal? If nob, lia* down the 
irrational, ,iiTn3l£3yant or vague ocu:a* 

jicbivity Unit Irrational/irrelevant/ 

__ Vagus o bli^ti ve.__ 


I 


lo. Do:b Qccoiaplishmont of uhe nctiviby unios result 
in r aliaaoion of objeccivse in ternuj of behavioural 
oubcccieG in the pupilj; If not point oub the behOTioural 
on-Gconcs montionsd In bhe nanuQl, which yju fcol are 
difficult to achievs through a particular aciiiviby unit? 


ucbivi'ttv Unit - 


3sha viciural oU'Gcr- , 



!!• lb oh procfclur' for aciilvity unitb wall EStqu.-nbiEa. ? 

If noti point out th^ discripancic-B -^ong with your own 
obp'rvo.;*i.-n£j or sugg sfcions. 

^kctivity Unit DSacr,.pancy Obav^rvaoion/ 

---- S-Ugg=stioQp 


IZt Did you notice any inaccuracies/discrf-pGnci..e in the 
diagromcs illuatracing activity units? If y a, point 
th^ out. r’ 

Illuo lira t iouKo* Dice rf=p anoy/ 

■ inacouraev 


13* Your overall qpinxon about ths,' Manual which racy b® 
ucioful in th<. effijctivs inprovement of th<. xaamiol. 
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QITEU:nONMd.]RE g(B THE ETIPIL5 

f 

E 

INiTRaCII0iVL-CFh-PIl*.CT3D*L MILL ON 


A, Niufe cf ahc 

(in block IbUcr ) - 

I 

p 

B, Naa. and addjf at c$ 

school/coll g 3 ^ 



-0^ Cloisn 


1>v^ i'isdlun aC ibatTumsio n _ _ 

/ i »i————————— " 

Enlist th: poTuiona of the liacual which you found diCfioult 
i>o undijnniandrand givj reasonsi 

A-ct^vftiy Unit of th. T.^xc Difficulty 

—^— -- JSB >;3:arf3Bfi-.d 

i ' 


2, Kantion the plQc:s whrrb you found uh language 
to b.. difficult. 


jvcbivity Unit Page N^* 


Difficulty 



Eoau-b syniuaiiratii whicb d- not help 

in und. ru Gandxng Ijh^ 'oopic/thsra. , 


Illuntra ulop. U j, 


XuxiTi} oba 'rvaui^ns/ 


Cs.Ji you xsoiiduco oh- ucoxvxoy uni-s youre 1£ uxoh 
thobclp of tihis xiaoiual? 

I-e/tJo 

If noli, poino out ■bhi poirblons o£. acoisrxuy iinlbc 
which further ^laborauioR or r_xplanao3on.» 

, jgLQrtions &_o 1o_^ crlabjornhad 


Wad bhcorstiiGcl infonaatiion giv-n in uh^ i-*„nual 
us -f ul jj y: u in bhe yamip.j.hi -iny 


Y. a/So 

Do you know th^ scicanblfic r as->n ‘behind e'otos bhab 
you uak-i in bho conduct of ditfer no >u3 0 xvxby unibu'^ 


Y. o/Sfo 


Your ovrrall 


apXaxoQ oboub oh - ^^anualp 



